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(54) Polar group-containing olefin copolymer, process for preparing the same, thermoplastic 
resin composition contaning the copolymer, and uses thereof 



(57) The present invention Is intended to provide a 
polar group-containing olefin copolymer having excel- 
lent adhesion properties to metals or polar resins and 
excellent compatibility therewith, a process for prepar- 
ing the copolymer, a thermoplastic resin composition 
containing the copolymer, and uses thereof. The polar 
group-containing olefin copolymer comprises a constit- 
uent unit derived from an a-olefin of 2 to 20 carbon at- 
oms, and a constituent unit derived from a straight- 
chain, branched or cyclic polar group-containing mono- 
mer having at the end a polar group such as a hydroxy! 
group or an epoxy group and/or a constituent unit de- 
rived from a macromonomer having at the end a poly- 



mer segment obtained by anionic polymerization, ring- 
opening polymerization or polycondensation. The polar 
group-containing olefin copolymer can be prepared by 
polymerizing the a-olefin with the polar group-contain- 
ing monomer and/or the macromonomer in the pres- 
ence of a metallocene catalyst. The polar group-con- 
taining olefin copolymer and the thermoplastic resin 
composition containing the copolymer are used for 
films, sheets, modifiers, building/civil engineering mate- 
rials, automobile exterior trim, electric/electronic parts, 
coating bases, compatibitizing agents, etc. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a polar group-containing olefin copolymer, a process for preparing the co- 
polymer, a thermoplastic resin composition containing the copolymer and uses thereof. More particularly, the invention 
relates to a polar group-containing olefin copolymer having excellent adhesion properties to metals or polar resins and 
excellent flexibility, a process for preparing the copolymer, a thermoplastic resin composition containing the copolymer 
and uses thereof. 

10 

BACKGROUND OF THE INVENTION 

[0002] Polyolefins generally have advantages such as excellent moldabiiity, heat resistance, mechanical properties, 
hygienic qualities, water vapor pemneation resistance and appearance of molded articles thereof, and hence they are 

IS broadly used for extrusion molded articles, blow molded articles and injection molded articles. 

[0003] The polyolefins, however, contain no polar group In the molecule, so that they have low compatibility with 
polar resins such as nylon and EVOH and low adhesion properties to polar resins and metals. 
Therefore, it is difficult to use the polyolefins by blending or laminating them with these materials. In addition, molded 
products of the polyolefins have problems of poor surface hydrophilic properties and poor antistatic properties. 

20 [0004] To solve such problems, there has been heretofore widely used a method of grafting polar group-containing 
monomers on the polyolefins through radical polymerization to enhance affinity for the polar materials. 
[0005] Engineering plastics such as nylon have excellent heat resistance and strength, and hence they are used for 
electronic/electric parts. The engineering plastics such as nylon generally have low impact resistance, so that they are 
sometimes blended with olefin copolymers to improve the impact resistance. 

25 [0006] The polyolefins, however, contain no polar group in the molecule and show low compatibility with polar resins, 
and therefore a method of grafting polar monomers on the polyolefins to improve compatibility with the polar resins 
has been heretofore widely used. 

[0007] In this method, however, intermolecular crosslinlcing of polyolefins and breaking of molecular chains take 
place with the graft reaction, and hence viscosity matching of the graft polymer and the polar resin is difficult, and 
30 satisfactory compatibility is not obtained in some cases. Further, a gel component produced by Intermolecular crosslink- 
Ing or a foreign matter (foreign matter attached to a lip of a die) produced by breaking of molecular chains may cause 
bad appearance of the molded products. 

[0008] In Japanese Patent Laid-Open Publications No. 259012/1989, No. 259012/1989. No. 51610/1990. No. 
51511/1990 and No. 177403/1991, a process comprising copolymerizing an a-olefin and a polar group-containing 

55 monomer using a Ti catalyst or a V catalyst is described. According to this process, intermolecular crosslinking and 
breaking of molecular chains hardly take piace, but in the use of these potymerization catalysts, the resulting copolymer 
has an ununiform molecular structure such as wide molecular weight distribution or high inversion content. On this 
account, orientation of the polar groups toward the interface between the copolymer and the polar material may be 
unsatisfactory, and adhesion properties to the polar materials and compatibility therewith may be insufficient. In the 

40 use as a composition, effects in adhesion properties and compatibility are not exhibited unless a graft copolymer is 
added in a large amount. 

[0009] In order to enhance surface hydrophilic properties and antistatic properties, a method of adding a small amount 
of a low-molecular weight surface active agent to the polyotef in and molding the mixture has been used. In this method, 
however, the added surface active agent bleeds out on the surface, and after molding, the film surface sometimes has 

4S a problem of whitening. The surface active agent having bled out on the surface runs off together with water droplets 
sticking thereto, so that a problem that effects by the surface active agent do not last long may take place. 
[0010] The present inventors have studied in the light of the above problems. As a result, they have found that a 
copolymer having a specific molecular structure and a composition containing the copolymer are excellent in compat- 
ibility with polar resins and adhesion properties to polar resins and metals, and they have also found that the copolymer 

50 and the composition have excellent surface hydrophilic properties and antistatic properties. Moreover, the present 
inventors have found the copolymer and the composition can be favorably applied to various uses. 
[0011] As a process for preparing an olefin polymer such as an ethylene homopolymer, an ethylene/a-olefin copol- 
ymer, a propylene homopolymer or a propylene/a-olefin copolymer, a process comprising polymerizing an olefin in the 
presence of a titanium catalyst comprising a solid titanium catalyst component containing magnesium, halogen and 
an electron donor, and an organoaluminum compound, or a vanadium catalyst comprising a vanadium compound and 
an organoaluminum compound has been heretofore known. In the copolymerization of a polar monomer using such 
catalyst, there reside problems that the molecular weight distribution or the composition distribution is wide and the 
polymerization activity is low. As disclosed in Japanese Patent Lald-Open Publications No. 259012/1989, No. 
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51510/1990, No. 51511/1990 and No. 177403/1991. when an olefin and a polar group-containing monomer are copo- 
tymerized using a Ziegler catalyst to prepare, for example, a polyolefin containing a polar group, polymerization at low 
temperatures is only carried out, so that this process is known to have a problem of low activity. It is generally known 
that an olefin is polymerized in the presence of a metaltocene catalyst comprising a transition metal compound such 
5 as zirconocene and an organoaluminum oxy-compound (aluminoxane). It is also known that if the metallocene catalyst 
is used, an olefin polymer having a high molecular weight is obtained with high activity and the resulting olefin polymer 
has narrow molecular weight distribution and narrow composition distribution. 

[0012] As a process for preparing a polyolefin containing a polar group, a process using a metallocene catalyst is 
also known. For example, it is publicly known that polymerization of an OH group-containing olefin is conducted using 

10 a metallocene compound having a ligand of non-crosslinked cyclopentadienyl group, crosslinked or non-crosstinked 
bisindenyl group, or ethylene crosslinked unsubstituted indenyl group/fluorenyl group, as described in Macromolecules, 
28, 5351 (1995). Macromotecules, 29. 5255 (1966), and Polymer Preprints, Japan, 49(2), 215 (2000). 
[0013] If is publicly known that polymerization of an olefin having NRg (R: alkyi group) as a polar group is conducted 
using a metallocene compound having a ligand of non-crosslinked cyclopentadienyl group, crosslinked or non- 

is crosslinked bisindenyl group, or crosslinked unsubstituted indenyl group/cyclopentadlenyl group, as described in Mac- 
romolecules, 31 , 201 9 (1 998) and Macromolecules, 32, 1 4(1 999). 

[0014] A process using an organometatlic compound other than the metallocene compound is publicly known, as 
described in Science, 287, 460 (2000), OCOP2000 at Oslo, and Books of Abstracts (C.W. Chien). These processes, 
however, have a disadvantage of extremely low polymerization activity. 
20 [0015] On this account, protection of the polar group by a protective group is carried out. A method of protection is 
described in, for example, Macromolecules, 31 , 2019 (1998), J.Am. Chem. Soc, 114, 9679 (1992), Polymer Preprints, 
Japan, 49(2), 209 (2000) and Polymer Preprints, Japan, 49(2), 209 (2000). 

[0016] In the above processes, however, the protective group is introduced, and after the reaction, the protective 
group must be removed, so that the operations are complicated. 

25 [0017] Under such circumstances, the present inventors have studied and found that an olefin polymer containing 
a polar group can be prepared with high polymerization activity by copolymerizing an olefin and a polar group-containing 
monomer in the presence of a transition metal catalyst into which a cyclopentadienyl group or other special ligands 
have been introduced, without using radical polymerization or a Ziegler polymerization catalyst. Based on the finding, 
the present invention has been accomplished. 

30 [0018] A method of selectively introducing the polar group at only one end of the polymer chain or inside of the main 
chain and at one end of the main chain has been heretofore unknown. Then, the present inventors have found a method 
of selectively introducing the polar group at only one end of the polymer chain or inside of the main chain and at one 
end of the main chain, and accomplished the present invention. 

35 OBJECT OF THE INVENTION 

[0019] It is an object of the present invention to provide a polar group-containing olefin copolymer having excellent 
adhesion properties to metals or polar resins and excellent compatibility therewith, a process for preparing the copol- 
ymer, a thermoplastic resin composition containing the copolymer and uses thereof. 



40 



so 



55 



SUMMARY OF THE INVENTION 



[0020] The first embodiment of the polar group-containing olefin copolymer according to the present invention com- 
prises a constituent unit represented by the following fomiula (1 ), a constituent unit represented by the following formula 
^ (2) and a constituent unit represented by the following formula (3), has a molecular weight distribution (Mw/Mn) of not 
more than 3, and has an intensity ratio of Tap to Taa+TaP (Tap/(Taa+TaP)), as determined from a ^^C-NMR spectrum 
of said copolymer, of not more than 1 .0: 



— CH2— CH — — CH2— CH — CH2— CH — 

I1 I. I3 

R^ r2 

(R^)r— (X)p 

...(1) ...(2) .-.(3) 



wherein R^ and R^ may be the same or different and are each a hydrogen atom or a straight-chain or branched aliphatic 
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hydrocarbon group of 1 to 18 carbon atoms; is a hydrocarbon group; R^ is a hetero atom or a group containing a 
hetero atom; r is 0 or 1 ; X is a polar group selected from an alcoholic hydroxy! group, a phenolic hydroxyl group, a 
carboxylic acid group, a carboxylic ester group, an acid anhydride group, an amino group, an amide group, an epoxy 
group and a mercapto group; p is an integer of 1 to 3; and when p is 2 or 3, each X may be the same or different, and 
5 In this case, if r is 0, X may be bonded to the same or different atom of R^, and if r is 1 , X may be bonded to the same 
or different atom of R*. 

[0021 J In the present invention, in the constituent unit represented by the formula (3) is preferably a hydrocarbon 
group of 11 or more carbon atoms. 

[0022] In the present invention. X In the constituent unit represented by the fomnula (3) is preferably a polar group 
10 selected from a phenolic hydroxyl group, a carboxylic ester group, an acid anhydride group, an amino group, an amide 
group, an epoxy group and a mercapto group 

[0023] In the present invention, it is preferable that R^ in the constituent unit represented by the fomnula (1) and R^ 
in the constituent unit represented by the formula (2) are each a hydrocarbon group of 2 or more carbon atoms, pref* 
erabty 2 to 1 8 carbon atonr^, and the crystallinity of said copolymer, as determined by X-ray diffractometry, is not less 
fs than 10%. 

[0024] In the present invention, It is preferable that R^ in the constituent unit represented by the fomnula (1) and R2 
In the constituent unit represented by the formula (2) are each a hydrocarbon group of 2 or more carbon atoms, pref- 
erably 2 to 1 8 carbon atoms, and the crystallinity of said copolymer, as detenmined by X-ray diffractometry, is preferably 
less than 10 %. 

20 [0025] The second embodiment of the polar group-containing olefin copolymer according to the present Invention is 
a branched type copolymer comprising a constituent unit represented by the following formula (1) and a constituent 
unit represented by the following formula (4), and optionally a constituent unit represented by the following fomnula (5), 
having a molecular weight distribution (Mw/Mn) of not more than 3, and having an Intensity ratio of Tap to Taa+TaP 
(Tap/{Taa+Tap)), as determined from a ^^c-NMR spectrum of said copolymer, of not more than 1 .0: 

25 

— CHj-CH— — CH2— CH — — CHa— CH — 

r5 R^ 

30 I I 

Wq«4R®),-(-0-2)p ( R^)m— (W)n 



...(1) ...(4) ...(5) 

wherein R^ is a hydrogen atom or a straight-chain or branched aliphatic hydrocarbon group of 1 to 18 carbon atoms; 
R* is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a polymer segment 

40 obtained by any one of anionic polymerization, ring-opening polymerization and polycondensation; W is a hydroxyl 
group or an epoxy group; p Is an Integer of 1 to 3, q Is 0, 1 or 2, and p+q < 3; when p Is 2 or 3, each -O-Z may be the 
same or different, and in this case, if r Is 0, -O-Z may be bonded to the same or different atom of R^, and if r is 1 , -O-Z 
may be bonded to the same or different atom of R^; when q is 2, each W may be the same or different, and in this 
case, If r Is 0, W may be bonded to the same or different atom of R^, and if r is 1 , W may be bonded to the same or 

45 different atom of R^; In case of p>1 and q>1 , If r Is 0, W and -O-Z may be bonded to the same or different atom of RS 
and if r is 1 . W and -O-Z may be bonded to the same or different atom of R^; m is 0 or 1 ; n is an integer of 1 to 3; and 
when n Is 2 or 3, each W may be the same or different, and in this case, if m is 0, W may be bonded to the same or 
different atom of R6, and if m Is 1 , W may be bonded to the same or different atom of R^. 

[0026] In the present invention, it Is preferable that, in the formula (4), r Is 0 and Z is a polymer segment obtained 
so by anionic polymerization. 

[0027] In the present Invention, It Is preferable that, In the formula (4), Z is a polymer segment obtained by ring- 
opening polymerization or polycondensation. 

[0028] The third embodiment of the polar group-containing olefin copolymer according to the present invention com- 
prises a constituent unit represented by the following formula (1) and a constituent unit represented by the following 
S5 formula (6), and optionally a constituent unit represented by the following formula (3), has a molecular weight distribution 
(Mw/Mn) of not more than 3, and has an intensity ratio of TaP to Toa+Tap (Tap/(Taa+TaP)), as determined from 
a ^3C-NMR spectrum of said copolymer, of not more than 1 .0: 
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— CH,— CH— 



— GH2--CH— 
I 



(R^) — (X)p 




R®— {Y)n 



(1) 



(3) 



(6) 



10 



15 



20 



25 



wherein R"" is a hydrogen atom or a straight-chain or branched aliphatic hydrocarbon group of 1 to 18 carbon atoms; 
R3 is a hydrocarbon group; R^^ is a hetero atom or a group containing a hetero atom; R^" is a direct bond or an aliphatic 
hydrocarbon group of 1 or more carbon atoms; R® is a hydrogen atom, a direct bond or an aliphatic hydrocarbon group 
of 1 or more carbon atoms; Y Is a polar group containing O and/or N; m and n are each an integer of 0 to 2, and m+n 
Is not 0; s is 0 or 1 ; r is 0 or 1 ; X Is a polar group selected from an alcoholic hydroxy! group, a phenolic hydroxyl group, 
a carboxylic acid group, a carboxyltc ester group, an acid anhydride group, an amino group, an amide group, an epoxy 
group and a mercapto group; p is an integer of 1 to 3; when p is 2 or 3, each X may be the same or different, and in 
this case, if r is 0, X may be bonded to the same or different atom of R^. and if r is 1 , X may be bonded to the same or 
different atom of R'*. 

[0029] The first embodiment of the process for preparing a polar group containing olefin copolymer according to the 
present invention comprises copotymerizing at least one a«olefin selected from a-olefins of 2 to 20 carbon atoms and 
at least one polar group-containing monomer selected from a polar group-containing monomer represented by the 
following fomriula (7) and a polar group-containing monomer represented by the following formula (8) in the presence 
of a catalyst comprising: 

(A) a compound of a transition meta! selected from Group 3 (including lanthanoid and actinoid) to Group 10 of the 

periodic table, and 

(B) at least one compound selected from: 



(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an ion pair, and 
(B-3) an organoaluminum compound; 



35 



CH2=CH 

L 



40 



(R*),— (X)p 



. (7) 



45 



wherein R3 is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; X is a polar 
group selected from an alcoholic hydroxyl group, a phenolic hydroxyl group, a carboxylic acid group, a carboxylic ester 
group, an acid anhydride group, an amino group, an amide group, an epoxy group and a mercapto group; p ts an 
integer of 1 to 3; when p is 2 or 3, each X may be the same or different, and in this case, if r is 0, X may be bonded to 
the same or different atom of R^, and if r is 1 , X may be bonded to the same or different atom of R*; 



so 



55 




R^— (Y)m 



R'— (Y)n 



(8) 



wherein R^ is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; R® is a hydrogen atom, a 
direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is a polar group containing O and/or N; m 
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and n are each an integer of 0 to 2, and m+n Is not 0; and s is 0 or 1 . 

[0030] In the first embodiment of the process for preparing a polar group-containing olefin copolymer according to 
the present invention, it is preferable that the transition metal compound (A) is represented by any one of the following 
fonmulas(11), (12), (13), (14), (15) and (16) and the polar group-containing monomer is a polar group-containing mon- 
omer of the formula (7) wherein X Is -OH or an amino group; 




... (11) 

wherein 1^^ is a transition metal atom of Group 4 of the periodic table; R25, r26^ r27 and R28 may be the same 
or different and are each a hydrogen atom, a nitrogen-containing group, a phosphorus-containing group, a hydrocarbon 

20 group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group or a halogen atom; of the groups indicated by R^s, R26^ r27 and 
R2B, a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms to 
which those groups are bonded; X*" and X^ may be the same or different and are each a hydrocarbon group of 1 to 20 
carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-con- 

25 taining group, a silicon-containing group, a hydrogen atom or a halogen atom; and Yl Is a divalent hydrocarbon group 
of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-containing 
group, a divalent germanium-containing group, a divalent tin-containing group, -0-, -CO-, -S-, -SO-, -SOg-. -Ge-, -Sn-, 
-NR21-, -P(R2i)., -P(0)(R21)-, .BR21- or -AIR21- (each R2i may be the same or different and is a hydrocarbon group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom 

30 or a nitrogen compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the 
nitrogen atom); 



/ / 

Cp 



. (12) 



wherein is a transition metal atom selected from Group 4 of the periodic table; Cp is a cyclopentadienyl group or 
its derivative that is ji-bonded to M*"; is a llgand containing an oxygen atom, a sulfur atom, a boron atom or an 
element of Group 1 4 of the periodic table; is a ligand containing an atom selected from a nitrogen atom, a phosphorus 
atom, an oxygen atom and a sulfur atom; and each X"" may be the same or different and is a hydrogen atom, a halogen 
atom, a hydrocarbon group which has 20 or less carbon atoms and may contain 1 or more double bonds, a silyl group 
containing 20 or less silicon atoms, a germyl group containing 20 or less gemnanium atoms or a boronyl group containing 
20 or less boron atoms; 

50 
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. . . (13) 



wherein is a transition metal atonn selected from Group 4 of the periodic table; R^^ to R''*, R^^ to R^o, and 
R*^ may be the same or different and arc each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon 

IS group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a 
halogen atom or a hydrogen atom; of the groups indicated by , R^2^ ri3^ r14^ ri7 ris^ ri9 r2o and R*i , a part of 
the groups neighboring with each other may be bonded to fonm a ring together with carbon atoms to which those groups 
are bonded (except a case where all of Rii, Ri2, Ri3, Ri*, Ri7, ris^ ri9^ rzo and R^^ are hydrogen atoms and a case 
where R^2 or Ri3 js a tert-butyl group and the residual R^^, R^2^ r13^ r14^ r17 ri8 ri9 r20 and R*i are hydrogen 

20 atoms); X"" and may be the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom; and V is a divalent hydrocarbon group of 1 to 20 carbon atoms, 
a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon -containing group, a divalent 
gennanium-containing group, a divalent tin-containing group, -0-, -CO-, -S-, -SO-, -SOg-, -Ge-, -Sn-. -NR^i-, -P(R2i)-, 

25 .p(o)(R2i)., -BR21- or •AIR21- (each R2i may be the same or different and is a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen 
compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



30 
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. . . (14) 



wherein is a transition metal atom selected from Group 4 of the periodic table; Ri2^ r41 and R^2 may be the 
same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group of 1 
to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a halogen atom 
or a hydrogen atom; of the groups indicated by R^^ . R^^ and R^2^ a part of the groups neighboring with each other 
may be bonded to fomri a ring together with carbon atoms to which those groups are bonded; X^ and X^ may be the 
same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 
to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a hydrogen 
atom or a halogen atom; and V is a divalent hydrocarbon group of 1 to 20 carbon atoms (when ail of R", R^2 r4i 
and R^2 are hydrogen atoms, is not ethylene), a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, 
a divalent silicon-containing group, a divalent gennanium-containing group, a divalent tin-containing group, -0-, -CO-, 
-S-, -SO-.-SOg-, -Ge-, -Sn-, -NR21-, -P(R2i)-, -P(0)(R2i)-, -BR2i-or -AIR21- (each R21 may be the same or different 
and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a 
hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hydrocarbon groups of 1 to 20 
carbon atoms are bonded to the nitrogen atom); 
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,41 



,41 



.41 



. . . (15) 



wherein is a transition metal atom selected from Group 4 of the periodic table; R^^ and may be the same or 
different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group of 1 to 40 
carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a halogen atom or 
a hydrogen atom; of the groups indicated by R*"" and R"^, a part of the groups neighboring with each other may be 
bonded to form a ring together with carbon atoms to which those groups are bonded; and X2 may be the same or 
different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 
carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a hydrogen atom or 
a halogen atom; and is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon 
group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent 
tin-containing group, -0-. -CO-, -S-. -SO-, -SOg-, -Ge-, -Sn-, -NRS"*-, -P(R2i)-^-P(0)(R2i)., -BR21- or -AIR21- (each R21 
may be the same or different and Is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group 
of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two 
hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



wherein is a transition metal atom selected from Group 4 of the periodic table; R", R12, ris ^ R2o^ and R^2 niay 
be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group 
of 1 to 40 carbon atoms, an oxygen -containing group, a sulfur-containing group, a silicon-containing group, a halogen 
atom or a hydrogen atom; of the groups indicated by R"*!, R12, R15^ R16^ ri7 ris^ ri9^ R20and R42, a part of the groups 
neighboring with each other may be bonded to fomi a ring together with carbon atoms to which those groups are 
bonded; X"* and X2 may be the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom; and is a divalent hydrocarbon group of 1 to 20 carbon atoms 
(when all of R12, r15^ r16, ri7 rib ri9^ r20 and R^2 are hydrogen atoms, Y^ is not ethylene), a divalent halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-con- 
taining group, a divalent tin -containing group, -0-, -CO-, -S-, -SO-.-SOg-, -Ge-, -Sn-, -NR21-, -P(R2i)-, -P(0){R2i)-, 
-BR2i-or -AIR21- (each R2i may be the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound 
residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom). 
[0031] In the first embodiment of the process for preparing a polar group-containing olefin copolymer according to 
the present invention, it is preferable that the transition metal compound (A) is represented by any one of the above 
formulas (11), (12), (13), (14), (15) and (16) and the polar group-containing monomer is a polar group-containing mon- 
omer of the above fonmula (7) wherein X is -NR'R" (R* and R" may be the same or different and are each a hydrogen 
atom or an alkyi group). 

[0032] The second embodiment of the process for preparing a polar group-containing olefin copolymer according to 



35 



30 




, - - (16) 
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the present invention comprises copoiymerizing at least one a-olefin selected from a-olefins of 2 to 20 carbon atoms 
and at least one polar group-containing monomer selected from a polar group-containing monomer represented by 
the following formula (7), a polar group-containing monomer represented by the following formula (8) and a macrom- 
onomer represented by the following formula (9) in the presence of a catalyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 10 of the 
periodic table, and 

(B) at least one compound selected from: 



10 (B-1) an organoaluminum oxy-compound. 

(8-2) a compound which reacts with the compound (A) to fonn an ion pair, and 
(B-3) an organoaluminum compound; 

CH2=CH 

I' 

(WWR®)r-(-0-Z)p • • • (9) 

20 



wherein RS is a hydrocarbon group; is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a polymer 
segment obtained by any one of anionic polymerization, ring-opening polymerization and polycondensation; W is a 
hydroxyl group or an epoxy group; p is an integer of 1 to 3, q is 0, 1 or 2, and p-i-q < 3; when p is 2 or 3, each -O-Z may 

2S be the same or different, and in this case, if r is 0, -O-Z may be bonded to the same or different atom of RS, and if r is 
1 . -O-Z may be bonded to the same or different atom of R®; when q is 2, each W may be the same or different, and in 
this case, if r is 0, W may be bonded to the same or different atom of RS, and if r Is 1 , W may be bonded to the same 
or different atom of R^; and in case of p>1 and q>1 , if r is 0, W and -O-Z may be each bonded to the same or different 
atom of R5, and if r is 1 , W and -O-Z may be each bonded to the same or different atom of R^. 

30 [0033] The third embodiment of the process for preparing a branched type polar group-containing olefin copolymer 
according to the present invention comprises copoiymerizing at least one olefin. selected from a-olefins of 2 to 20 
carbon atoms, a polar group-containing monomer represented by the following formula (10), and optionally, a polar 
group-containing monomer represented by the above fomiula (8) in the presence of a catalyst comprising: 

35 (A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 1 0 of the 

periodic table, and 

(B) at least one compound selected from: 



(B-1) an organoaluminum oxy-compound, 
^0 (B-2) a compound which reacts with the compound (A) to form an ion pair, and 

(B-3) an organoaluminum compound, 

and then conducting any one of the following steps (i) and (ii); 

45 

CH2=CH 
' 5 



50 



R 

Jsv ...(10) 



wherein R^ is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; m is 0 or 1 ; W is a hydroxyl 
group or an epoxy group; n is an integer of 1 to 3; and when n is 2 or 3, each W may be the same or different, and in 
this case, if m is 0, W may be bonded to the same or different atom of RS. and if m is 1 , W may be bonded to the same 
55 or different atom of R®; 



(i) from the W portion of the copolymerized polar group-containing monomer, a Z portion is formed by anionic 
polymerization, ring-opening polymerization or polycondensation; 
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(il) the W portion of the copolymerized polar group-containing nnonomer Is allowed to react with a tenninal functional 
group of a polymer obtained by anionic polymerization, ring-opening polymerization and polycondensation. 

[0034] The thermoplastic resin composition according to the present invention contains the polar group-containing 
olefin copolymer. 

[0035] The adhesive resin according to the present invention comprises the polar group-containing olefin copolymer 
or the themrioplastic resin composition. 

[0036] The compatibilizing agent according to the present invention comprises the polar group-containing olefin co- 
polymer or the thermoplastic resin composition. 

[0037] The resin modifier according to the present invention comprises the polar group-containing olefin copolymer 
or the thermoplastic resin composition. 

[0038] The filler dispersant according to the present invention comprises the polar group-containing olefin copolymer 
or the thermoplastic resin composition. 

[0039] The dispersant according to the present invention comprises the polar group-containing olefin copolymer or 
the thennoplastic resin composition. 

[0040] The film or the sheet according to the invention comprises the polar group-containing olefin copolymer or the 
thermoplastic resin composition. 

DETAILED DESCRIPTION OF THE INVENTION 

[0041] The polar group-containing olefin copolymer, the process for preparing the copolymer, the thenmoplasttc resin 
composition containing the copolymer and their uses according to the invention are described in detail hereinafter. 

Polar group-containing olefin copolymer 

[0042] The first embodiment of the polar group-containing olefin copolymer of the invention comprises a constituent 
unit represented by the following fomnula (1) (also refen-ed to as a "constituent unit (1)" hereinafter), a constituent unit 
represented by the following fomiula (2) (also referred to as a "constituent unit (2)" hereinafter) and a constituent unit 
represented by the following fonmula (3) (also referred to as a "constituent unit (3)" hereinafter). 

— CH2-CH— 

I' 



...(1) 

— CH2-CH— 
I, 

... (2) 
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. . — CH2— CH— 

(R*)r— (X)p 
. . • (3) 

10 

[0043] In the above formulas, R"* and R2 may be the same or different and are each a hydrogen atom or a straight- 
chain or branched aliphatic hydrocarbon group of 1 to 1 8 carbon atoms. 

[0044] Examples of the straight-chain or branched aliphatic hydrocarbon groups of 1 to 18 carbon atoms include 
methyl, ethyl, n-propyl, isopropyL 2-methylpropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 1 ,1 -dimethylpropyl. 2,2-dimeth- 
is yipropyl, pentyl, neopentyl, n-hexyl, 1-ethyl-1-methylpropyl, 1 ,1-diethylpropyl, 2-ethylhexyl, octyl, decyl and dodecyl. 
Of these, preferable are hydrocarbon groups of 1 to 10 carbon atoms, particularly 1 to 6 carbon atoms. 
[0045] is a hydrocarbon group, such as a saturated or unsaturated aliphatic hydrocarbon group, an alicyclic hy- 
drocarbon group or an aromatic hydrocarbon group. 

[0046] The saturated or unsaturated hydrocarbon group is, for example, a straight-chain or branched hydrocarbon 
20 group of 1 to 20 carbon atoms, and examples thereof Include methylene, ethylene, trimethylene, methylethytene, te- 
tramethylene, methyltrimethylene, pentamethylene, hexamethylene, heptamethylene, octamethylene, nonamethyi- 
ene. decamethylene^ undecamethylene, dodecamethylene, tetradecamethylene, pentadecamethylene, hexadecame- 
thylene, heptadecamethylene, octadecamethylene. nonadecamethylene and eicosamethylene. 
[0047] The alicyclic hydrocarbon group is preferably a group having an alicyclic structure as a part of Its structure 
25 and having 3 to 20 carbon atoms, and examples thereof include cyclopropylene, cyclopentylene, cyclohexyiene and 
cyclooctylene. 

[0048] The aromatic hydrocarbon group is preferably a group having an aromatic ring as a part of its structure and 
having 6 to 20 carbon atoms, and examples thereof Include -Ph-, -Ph-CH2-, -Ph-(CH2)2-. -Ph-(CH2)3-: -Ph-(CH2)6-, 
-Ph-(CH2)io-. -Ph-(CH2)ir. ■Ph-(CH2)i2- and -Ph-(CH2)i4-. 
30 [0049] When r is 1 and is bonded to R^, the valence of R^ is 2. When r is 0 and each X of p is bonded to R^, the 
valence of R^ is p+1. 

[0050] R^ is a hetero atom or a group containing a hetero atom. 

[0051] The hetero atom is, for example, an oxygen atom, a nitrogen atom or a sulfur atom, preferably an oxygen 
atom or a nitrogen atom. 

35 [0052] The group containing a hetero atom is, for example, a group containing an oxygen atom, a nitrogen atom or 
a sulfur atom, and examples thereof include -0-, -C(=0)-, -C(=0)0-, -0C(=0)0-, -C(=0)NH-, -NH-, 



-N- 



(tertiary amine), -S-, and aliphatic, alicyclic or aromatic hydrocarbon groups containing these groups. 

[0053] Specifically, there can be mentioned such structures as exemplified with respect to the later-described polar 

group-containing monomers. 

[0054] The hetero atom in R^ or the carbon atom to which the hetero atom is bonded is preferably bonded to R^, 
and examples of such structures include -R^-O-R-X, -R3-C(=0)-R-X, -R3-C(=0)0-R-X, -R3-0C(=0)0-R-X, -R3-C(=0) 
NH-R-X and -R^-S-R-X (R is methylene, phenylene or cyclohexyiene). 

[0055] When R* contains a carbon atom, the number of carbon atoms to form R"* is in the range of preferably 1 to 
20, more preferably 1 to 10, particularly preferably 1 to 5. 

[0056] r is 0 or 1 . When r is 0, X is bonded to any one of carbon atoms for forming R^. When r is 1 , X is bonded to 
any one of carbon atoms for forming R^. 

[0057] X is a polar group selected from an alcoholic hydroxyl group, a phenolic hydroxyl group, a carboxylic acid 
group, a carboxylic ester group, an acid anhydride group, an amino group (primary, secondary and tertiary), an amide 
group, an epoxy group and a mercapto group. 

[0058] When X is an alcoholic hydroxyl group, the polar group-containing olefin copolymer is excellent in coating 
properties, surface hydrophillc properties (anti-fogging properties), antistatic properties, adhesion properties to polar 
resins (urethane resin, epoxy resin, etc.), filler dispersibility. moisture absorption properties, gas barrier properties (in 
case of high content), water absorption properties (in case of high content of alcoholic hydroxyl group), dispersibility 
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in water and oil resistance (In case of high content of alcoholic hydroxyl group). 

[0059] When X is a phenolic hydroxyl group, the polar group-containing olefin copolymer is excellent in adhesion 
properties to polar resins (aromatic polymer, phenolic resin, etc) and compatibility with polar resins (aromatic polymer, 
phenolic resin, etc.). 

[0060] When X is a carboxyl group, the polar group-containing olefin copolymer is excellent in adhesion properties 
to metals, dispersibility in water (particularly in case of metallic salt), pigment dispersibility, filler dispersibility and oil 
resistance (in case of high content of carboxyl group). 

[0061] When X is a carboxylic ester group, the polar group-containing olefin copolymer is excellent in adhesion 
properties to polar resins (nylon, EVOH, etc.), compatibility with polar resins (nylon, EVOH, etc.) and surface hydrophilic 

properties. 

[0062] When X Is an epoxy group, the polar group-containing olefin copolymer is excellent in adhesion properties to 
metals, adhesion properties to polar resins (polyester, epoxy resin, nylon, EVOIH, urea resin, etc.), compatibility with 
polar resins (polyester, epoxy resin, nylon, EVOH, urea resin, etc.), pigment dispersibility and coating properties. 
[0063] When X is an acid anhydride group, the polar group-containing olefin copolymer is excellent in adhesion 
properties to metals, adhesion properties to polar resins (nylon, EVOH, polyester, etc.). compatibility with polar resins 
(nylon, EVOH, polyester, etc.), pigment dispersibility, filler dispersibility and dispersibility in water (particularly in case 
of metallic salt). 

[0064] When X is an amino group, the polar group-containing olefin copolymer Is excellent in adhesion properties 
to polar resins (epoxy resin, polyketone, polyurethane, etc.), coating properties, antifungal properties (in case of am- 
monium salt), ion exchange properties (in case of ammonium salt), surface hydrophilic properties (particularly in case 
of ammonium salt), antistatic properties (particularly in case of ammonium salt), pigment dispersibility and filler dis- 
persibility (particularly in case of ammonium salt). 

[0065] When X is an amide group, the polar group-containing olefin copolymer is excellent in adhesion properties 
to polyamlde and compatibility with poly amide. 

[0066] When X is a mercapto group, the polar group-containing olefin copolymer is excellent in adhesion properties 
to rear periodic transition metals such as Fe, Cu, Co, Ni, Cd and Zn, compatibility with polyamlde and polyester, and 
adhesion properties to polyamlde and polyester. 

[0067] p is an integer of 1 to 3, and when p is 2 or 3. each X may be the same or different. When p is 2 or 3 and r is 
0, X may be bonded to the same or different atom of R3, and when p is 2 or 3 and r is 1 , X may be bonded to the same 
or different atom of R*. 

[0068] In the polar group-containing olefin copolymer of the invention, the constituent unit (1), the constituent unit 
(2) and the constituent unit (3) are bonded usually at random. 

Composition of copolymer 

[0069] In the polar group-containing olefin copolymer of the invention, the molar ratio ((1 )+(2):(3)) between the total 
of the constituent unit (1) and the constituent unit (2), and the constituent unit (3) is in the range of usually 99.99:0.01 
to 0.01:99.99, preferably 99.95:0.05 to 10:90, more preferably 99.9:0.1 to 30:70. 

[0070] The molar ratio ((1 ): (2)) between the constituent unit (1 ) and the constituent unit (2) Is in the range of usually 
99.99:0.01 to 0.01 :99.99, preferably 99:1 to 1 :99, more preferably 90:1 0 to 10:90. 

[0071 ] The polar group-containing olefin copolymer of the invention may contain two or more kinds of the constituent 
units (1 ), may contain two or more kinds of the constituent units (2), and may contain two or more kinds of the constituent 
units (3). 

Other copolymerizable components 

[0072] The polar group-containing olefin copolymer of the invention may contain constituent units other than the 
constituent unit (1), the constituent unit (2) and the constituent unit (3), within limits not detrimental to the objects of 
the present invention. 

[0073] Examples of the constituent units which may be contained include constituent units derived from cyclic olefins 
other than the polar group-containing monomer represented by the formula (8), non-conjugated polyenes, hydroxy! 
group-containing ethylenically unsaturated compounds, amino group-containing ethylenically unsaturated compounds, 
epoxy group-containing ethylenically unsaturated compounds, aromatic vinyl compounds, unsaturated carboxylic acids 
and their derivatives, vinyl ester compounds, and vinyl chloride. 

[0074] When these constituent units are contained, the amount thereof is not more than 30 mol %, preferably not 
more than 20 mol %, more preferably not more than 10 moi %, based on all constituent units to constitute the polar 
group-containing olefin copolymer. 
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Properties of copolymer 

[0075] The weight-average molecular weight (Mw) of the polar group-containing olefin copolymer of the invention is 
in the range of usually 600 to 2.000,000, preferably 800 to 1,500,000, more preferably 1,000 to 1,300,000, and the 
5 molecular weight distribution (Mw/Mn) thereof is usually not more than 3. preferably not more than 2.8, more preferably 
not more than 2.7. 

[0076] When the molecular weight distribution (Mw/Mn) is not more than 3, the polar group-containing olefin copol- 
ymer is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material 
and has excellent adhesion properties to a polar material and excellent compatibility with a potar material. 
10 [0077] The Mw and Mw/Mn were detemnined from data obtained by the measurement at 140**C in an orthodichlo- 

robenzene solvent using GPC (gel pemieation chromatography). 

[0078] The intensity ratio CTap/(Taa+Tap)) of Tap to Taa+Tap In the ^^C-NMR spectrum of the polar group-con- 
taining olefin copolymer is not more than 1 .0. preferably not more than 0.8, more preferably not more than 0.5. 
[0079] When the intensity ratio (Tap/(Taa-HTap)) is not more than 1 .0, the polar group-containing olefin copolymer 
IS is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material. 

[0080] Taa and Tap in the ^^C-NMR spectrum are each a peak intensity of CH2 present In the constituent unit derived 
from an a-oleftn of 4 or more carison atoms, and as shown below, they mean two kinds of CHg different in the position 
to the tertiary carbon. 

20 

R 



R 
I 

-c-c-c- 

H 2 H 



Taa 



R R 

I I 
-c-c-c-c- 

H2 H H2 H 



Tap 

40 [0081] The Tap/(Taa+TaP) intensity ratio can be determined in the following manner, 

[0082] A ^3C-NMR spectrum of the polar group-containing olefin copolymer is measured by the use of. for example, 
a Japan Electron Optics Laboratory JEOL-GX270 NMR measuring device. The measurement is made using a mixed 
solution of hexachlorobutadiene/d6-benzene (2/1 , by volume) having a sample concentration of 5 weight % under the 
conditions of 67.8 MHz, 25''C and dS-benzene as a standard (1 28 ppm). The ^^C-NMR spectrum measured is analyzed 

^5 in accordance with the proposals by Lindemann Adams (Analysis Chemistry 43, p. 1245 (1971)) and J.C. Randall 
(Review Macromolecular Chemistry Physics, C29, 201 (1989)) to detemnine the Tap/(Tao+TaP) intensity ratio. 
[0083] Examples of the polar group-containing olefin copolymer according to the first embodiment of the invention 
include the following potar group-containing olefin copolymers (I) to (VI). 

50 Polar group-containing olefin copolymer (I) 

[0084] In the polar group-containing olefin copolymer (I), it is preferable that in the formula (1) and R^ in the 
formula (2) are each a hydrogen atom or a methyl group and fV and R^ are the same as each other. 
[0085] In the polar group-containing olefin copolymer (I), a preferred combination of the constituent unit (1), the 
55 constituent unit (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 
amples of the constituent units (1) shown in Table 1 and a constituent unit selected from examples of the constituent 
units (3) shown in Table 1 . Specific examples of such combinations include combinations of 1-A, 1-B, 1-C, 1-D, 1-E, 
1-F, 1-G, 1-H. 1-1, 1-J. 1-K, 1-U 1-M, 2-A: 2-B, 2-C, 2-D, 2-E. 2-F, 2-G, 2-H. 2-1, 2-J, 2-K, 2-L and 2-M. 
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[0086] The above combinations are those wherein and are the same as each other, and the constituent units 
(1) include the constituent units (2). 

[0087] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1 ), and 
alphabets Indicate examples of the constituent units (3). 

5 



10 



15 



20 



25 



30 



35 



40 



45 



50 
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Table 1 



No. 


Constituent unit 
(1 ) 


No. 


Constituent unit (3) 


1 


— CH2-CH— 
1 

H 


A 


— CH2-CH — 
1 

HO-C-C-CH2 
H2 H2 


2 


— CH2-CH— 
1 

CH3 


B 


— CHo-CH — 
1 

HO-C-i CH2 )2 CH2 
H2 






C 


— CH2-CH — 

1 

HO-C-(CH2)6CH2 






D 


— CH2-CH — 
1 

HO-C--<CH2)7CH2 
H2 






E 


— CH2-CH — 
1 

HO-C-< CH2 )9 CH2 






F 


— CH2— CH — 
1 

HOOC-C-C-CH2 
H2 H2 






G 


— CH2-CH — 
1 

HOOC— C-< CH2 )2 CH2 
H2 






H 


— CH2-CH— 
1 

HOOC-C-< CH2 )5CH2 






I 


— CH2-CH — 
1 

HOOC-C-< CH2 )j-qCH2 
H2 






J 


— CH2-CH — 

o>. 1 

1 CH-fCH2)5CH2 
H2O 
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K 


Ov 

/^^CH2 — CH2-CH— 

V'CH-C— C=C-C-C-CH2 
O" Ha Ha Ha 






L 


/^^CH2 — CH2-CH— 
V^CH— f-C— C=C4-CH2 






M 


— CHz— CH — 
HO-^~^0-C-< CHa JjCHa 



20 

[0088] The polar group-containing olefin copolymer (I) according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, compatibility and flexibility. 

Polar group-containing olefin copolymer (II) 

25 

[0089] In the polar group-containing olefin copolymer (II), in the formula (1 ) and R2 in the fonnula (2) are different 
from each other. 

[0090] In the polar group-containing olefin copolymer (11), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 

30 amples of the constituent units (1 ) and the constituent units (2) shown in Table 2 and a constituent unit selected from 
examples of the constituent units (3) shown in Table 2. Specific examples of such combinations include combinations 
of 1-A, 1-B, 1-C, 1-D. 1-E. 1-F. 1-G, 1-H. 1-1, 1-J, 1-K, 1-L. 1-M, 2-A. 2-B. 2-C. 2-0, 2-E, 2-F, 2-G. 2-H. 2-1, 2-J. 2-K. 
2-L, 2-M, 3-A. 3-B, 3-C, 3-D. 3-E, 3-F, 3-G, 3-H, 3-1, 3-J, 3-K, 3-L, 3-M, 4-A, 4-B, 4-C, 4-D. 4-E. 4-F, 4-G, 4-H, 4-1, 4-J, 
4-K, 4-L, 5-A, 5-B, 5-C, 5-D, 5-E, 5-F, 5-G, 5-H, 5-1, 5-J, 5-K, 5-L, 5-M. 6-A. 6-B. 6-C, 6-D, 6-E. 6-F. 6tG, 6-H, 6-1. 

35 6-J, 6-K, 6-L, 6-M, 7-A, 7-B. 7-C, 7-D, 7-E, 7-F, 7-G. 7-H, 7-1, 7-J, 7-K, 7-L and 7-M. 

[0091] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1) and 
(2), and alphabets indicate examples of the constituent units (3). 
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Table 2 



No. 


Constituent unit (1). (2) 


No. 


Constituent unit (3) 


1 


— CH2-CH— — CHz-CH— 
1 1 
H CH3 


A 


— CH2~CH — 

HO-C-C-CH2 
H2 H2 


2 


— CH2— CH— — CH2-CH — 
H H3C-CH2 


B 


— CH2-CH — 
1 

HO-C-(CH2)2CH2 
H2 


3 


'~"CH2"~CH*~" ^~"CH2'~CH"^ 

H H3C-C-C-CH2 
H2 H2 


C 


— CH2— CH — 
1 

HO-C-<CH2)6CH2 
H2 


4 


— CH2— CM— — CH2-CH — 

H H3C-8-CH2 
CH3 


D 


— CH2-CH — 
1 

HO-C-<CH2)7CH2 


5 


— CH2-CH— — CH2-CH — 
1 1 
H H3C"^ CH2 ^4 CH2 


E 


— CH2— CH — 
1 

HO-C-( CHzi^CHz 


6 


— CHo-CH— — CHo-CH— ^CH2-CH— 
1 1 1 
H CH3 H3C"'CH2 


F 


— CH2— CH — 
1 

HOOC-C-C-CH2 
H2 H2 


7 


— CH2— CH — — CHo— CH — 
1 1 
CH3 H3C-CH2 


G 


— CH2~CH — 
1 

HOOC-C-i CH2)2CH2 






H 


— CH2-CH— 
* 1 

HOOC— C-< CH2)6CH2 
H2 






I 


— CH2— CH — 
1 

HOOC-C-(CH2)jjpH2 
H2 






J 


— CH2— CH — 

0^ 1 
l/CH-(CH2^CH2 

H2C"^ 
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K 


/^^CH2 — CH2-CH— 

\ ^CH-C— C=C-C-C-CH2 
O" "2 Ha Ha 






L 


V-'CH— fc— C=C4-CH2 






M 


— CHa-CH — 
HO— ^^~^y-0-C-( CH2 )2QH2 



20 

[0092] It is preferable that the polar group-containing olefin copolymer (II) contains no other copolymerizabte com- 
ponents previously mentioned and isformedfrom onlythe constituent unit (1), the constituent unit (2) and the constituent 
unit (3). Especially when X is an alcoholic hydroxy! group, a phenolic hydroxy! group or an amino group, the polar 
group-containing olefin copolymer is particularly preferably formed from only the constituent unit (1), the constituent 
25 unit (2) and the constituent unit (3). 

[0093] The polar group-containing olefin copolymer (II) according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, compatibility and flexibility. 

Polar group-containing olefin copolymer (Ml) 

30 

[0094] In the polar group-containing olefin copolymer (III), in the formula (3) is a hydrocarbon group of 11 or more 
carbon atoms. 

[0095] In the polar group-containing olefin copolymer (III), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) Is, for example, a combination of a constituent unit selected from ex- 
35 amples of the constituent units (1) and (2) shown in Table 3 and a constituent unit selected from examples of the 
constituent units (3) shown in Table 3. Specific examples of such combinations Include combinations of 1 -A, 1 -B, 1 -C, 
2-A, 2-B. 2-C, 3-A. 3-B, 3-C, 4-A, 4-B, 4-C, 5-A, 5-B, 5-C, 6-A, 6-B, 7-A, 7-B, 7-C, 8-A, 8-B, 8-C, 9-A, 9-B, 9-C. 
10-A, 10-B and 10-C. 

[0096] In Table 3, by the description of one kind of a constituent unit in the column of the constituent units (1) and 
40 (2) is meant that and R2 are the same as each other, and by the description of three kinds of constituent units in 
the column of the constituent units (1) and (2) is meant that two kinds of the constituent units (1) or the constituent 
units (2) are contained. 

[0097] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1 ) and 
(2). and alphabets lndk:ate examples of the constituent units (3). 

45 



50 



55 
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Table 3 



No. 


Constituent unit (1)^ (2) 


No. 


Constituent unit (3) 


1 


— CH2— CH— 
1 

LI 

n 


A 


— CH2— CH— 
1 

HO-C-( CHafeCHa 

H2 ^ 9 ^ 


2 


— CHj— CH— 
1 


B 


— CH2-CH — 

1 

HOOC-C-< CH2 JToCHs 
H2 


3 


— CH2— CH — 

1 

1 

H3C" CH2 




/^^W2 — CH2-CH— 

0 1 

V--CH-fc— C=c4-CH2 
Q--^ ^ H2 H H ^ ^ 


4 


— CHo— CH — — CHo— CH — 

1 '1 

H CH3 






5 


— CHj— CH — — CHo— CH — 
H H3C — CH2 






6 


"~"CH2— CH— ~— *CH2 — CH 

H H3C-C-C-CH2 
H2 H2 






7 


— CH2— CH— CH2-CH — 

iL H 1 
H H3C-C-CH2 
CH3 






8 


— CH2— CH— — CH2-CH — 
1 1 
H H3C-(CH2)4CH2 






9 


""CHo^CH"" ■"CH3"~CH — —CHo'^CH"" 

1 1 1 

H CH3 H3C— CH2 






10 


— CH2-CH— — CH2-CH — 

1 1 

CH3 H3C-CH2 







[0098] It is preferable that the polar group-containing olefin copolymer (III) contains no other copoiymerizable com- 
ponents previously mentioned and is formed from only the constituent unit (1 ), the constituent unit (2) and the constituent 
unit (3). Especially when X is an alcoholic hydroxy! group, a phenolic hydroxyl group or an amino group, the polar 
group-containing olefin copolymer is particularly preferably fonned from only the constituent unit (1). the constituent 
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unit (2) and the constituent unit (3). 

[0099] The polar group-containing olefin copolymer (lit) according to the invention is excellent In adhesion properties 
to polar materials such as metals and polar resins and compatibility. 

5 Polar group-containing olefin copolymer (IV) 

[0100] In the polar group-containing olefin copolymer (IV), X in the fomnula (3) is a polar group selected from a 
phenolic hydroxyl group, a carboxytic ester group, an acid anhydride group, an amino group, an amide group, an epoxy 
group and a mercapto group. 

10 [0101] In the polar group-containing olefin copolymer (IV), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 
amples of the constituent units (1 ) shown in Table 4 and a constituent unit selected from examples of the constituent 
units (3) shown in Table 4. Specific examples of such combinations Include combinations of 1-A, 1-B. 1-C, 1-D. 2-A, 
2-B, 2-C, 2-D. 3-A. 3-B. 3-C, 3-D, 4-A, 4-B, 4-C. 4-D, 5-A, B-B, 5-C, 5-D, 6-A, 6-B, 6-C, 6-D, 7-A, 7-B, 7-C, 7-D, B-A, 

IS 8-B. 8-C, 8-D, 9-A, 9-B, 9-C. 9-D, 10-A, 10-B, 10-C and 10-D. 

[0102] The above combinations are those wherein R"* and R2 are the same as each other, and the constituent units 
(1) include the constituent units (2). 

[0103] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units (3). 

20 
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Table 4 



No. 


Constituent unit ( 1 ) 


No. 


Constituent unit (3) 


1 


— CH2-CH— 
1 

H 


A 


— CH2— CH — 

9^ 1 
1 CHiCHjJ^CHa 
HjC 


2 


— CH2-CH— 
1 

CH3 


B 


A^CH2 —CHa-CH— 

H H 1 
V'CH-C— C=C-C-C-CH2 
0''^ H2 H2 H2 


O 


— CH,— CH — 
1 

H3C'^CH2 


L> 


/^^CH2 — CH2-CH— 

V--CH— fc— C=C4-CH2 
\hj H h'4 


4 


— CHo — CH — CHo— CH — 

1 1 

H CH3 


D 


— CH2-CH — 
HO— ^^^^-0-C-< CHj ^CHj 


5 


— CH2— CH— — CH2— CH— 
1 1 
H H3C-CH2 






6 


'~"CH2~CH'~" "~"CH2~CH'^~ 
1 1 
H H3C-C-C-CH2 
H2 H2 






7 


1 H 1 
H H3C-C-CH2 
CH3 






8 


^"CHo^^CH"" 'CH2"~"CH 

1 1 

H HjC-i CHj ^CHz 






9 


— CH2-CH— — CH2-CH— — CH2-CH- 
1 1 1 
H CH3 H3C-CH2 






10 


"^CHo^^CH"""* CHj^CH""" 
1 1 

CH3 H3C-CH2 







[01 04] The polar group-containing olefin copolymer (IV) according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins and compatibility. 
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Polar group-containing olefin copolymer (V) 

[0105] In the polar group-containing olefin copolymer (V), in the fonnula (1) and R2 in the fonmula (2) are each a 
hydrocarbon group of 2 or more carbon atoms, preferably 2 to 18 carbon atoms, and the crystallinity of the copolymer, 
s as determined by X-ray diffractometry, is not less than 1 0 %. preferably 1 5 to 80 %. more preferably 20 to 70 %. 

[01061 The crystallinity can be measured by X-ray diffractometry (in accordance with S.L. AGGARWAL. J. Polymer 
Sd.. 18, 17 (1955)) or the like. 

[0107] The stereoregularity (isotacticity) of the polar group-containing olefin copolymer (V) is usually not less than 
20 %, preferably 30 to 1 GO %, more preferably 40 to 1 00 %. 

10 [0108] In the polar group-containing olefin copolymer (V), a preferred combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) is, for example, a combination of a constituent unit selected from ex- 
amples of the constituent units (1) shown in Table 5 and a constituent unit selected from examples of the constituent 
units (3) shown in Table 5. Specific examples of such combinations include combinations of 1-A, 1-B, 1-C, 1-D, 1-E, 
1-F, 1-G. 1-H, M, 1-J. 1-K. 1-L, 1-M, 2-A, 2-B. 2-C. 2-D. 2-E. 2-F. 2-G, 2-H. 2-1. 2-J. 2-K. 2-L and 2-M. 

IS [0109] The above combinations are those wherein and R2 are the same as each other, and the constituent units 
(1 ) include the constituent units (2). 

[01 10] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1 ), and 
alphabets indicate examples of the constituent units (3). 

20 
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Table 5 



No. 


Constituent unit (1) 


No. 


Constituent unit (3) 


1 


— CH2-CH— 
1 

H3C'~CH2 


A 


— CH2— CH — 
1 

HO-C-C-CH2 
H2 H2 


2 


— CH2-CH — 
H 1 

CH3 


B 


— CH2-CH — 
^ 1 

HO— C-( CHa^gCHz 
H2 






C 


— CH2-CH— 
1 

HO-C-( CH2 )5 CH2 
H2 






D 


— CH2— CH — 
1 

HO— C-( CH2)7CH2 
H2 






E 


— CH2-CH — 

HO-C--( CH2 y^CHz 
H2 






F 


— CH2--CH — 
1 

HOOC-C-C-CH2 
H2 H2 


• • 




G 


— CH2-CH — 
^ 1 

HOOC— C-( CH2)2CH2 
H2 






H 


— CH2— CH — 

HOOC-C-< CH2 )6 CH2 
H2 






I 


— CH2-CH — 
1 

HOOC— C-( CH2 ijjjCHj 
Hz 






J 


— CH2-CH — 
0^ 1 
1 CH^ CH2)5CH2 
H2C 
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K 


Ox 

/^^CH2 — CH2-CH— 

V-C'^-C— C=C-C-C-CH2 
0'' »Z H2 H2 






L 


/^^CH2 — CH2-CH— 

V-'CH— f C— C= C-)- CH2 
q'-C H H'4 






M 


— CHj-CH— 
HO— ^'~^0-C-( CH2 )2 CHj 



20 

[01 11] The polar group-containing olefin copolymer (V) according to the invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, compatibility and rigidity. 

Polar group-containing olefin copolymer (VI) 

25 

[0112J In the polar group-containing olefin copolymer (VI), R"* in the formula (1) and in the formula (2) are each 
a hydrocarbon group of 2 or more carbon atoms, preferably 2 to 1 8 carbon atoms, and the crystallinity of the copolymer, 
as detemnined by X-ray diffractometry, is less than 10 %, preferably not more than 5 %, more preferably not more than 
2%. 

30 [0113] It is preferable that the polar group-containing olefin copolymer (VI) contains no other copolymerizable com- 
ponents previously mentioned and Is formed from only the constituent unit (1 ), the constituent unit (2) and the constituent 
unit (3). Especially when X is an alcoholic hydroxyl group, a phenolic hydroxyl group or an amino group, the polar 
group-containing olefin copolymer is particularly preferably fonmed from only the constituent unit (1), the constituent 
unit (2) and the constituent unit (3). 

35 [0114] In the polar group-containing olefin copolymer (VI), a pretended combination of the constituent unit (1), the 
constituent unit (2) and the constituent unit (3) Is, for example, a combination of a constituent unit selected from ex- 
amples of the constituent units (1) shown in Table 6 and a constituent unit selected from examples of the constituent 
units (3) shown in Table 6. Specific examples of such combinations include combinations of 1-A, 1-B, 1-C, 1-D, 1-E, 
1-F, 1-G, 1-H, 1-1, 1-J, 1-K, 1-L, 1-M, 2-A, 2-B. 2-C. 2-D. 2-E. 2-F. 2-G, 2-H, 2-1. 2-J, 2-K, 2-L and 2-M. 

40 [01 1 5] The above combinations are those wherein and R2 are the same as each other, and the constituent units 
(1) include the constituent units (2). 

[0116] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1), and 
alphabets indicate examples of the constituent units (3). 
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Table 6 



No. 


Constituent unit ( 1 ) 


No. 


Constituent unit (3) 


1 


— CH2-CH— 
1 

H3C~'C'~'C"^CH2 
H2 H2 


A 
M 


— CH2— CH — 
1 

HO~C-C-CH2 
H2 H2 




— CH2-CH — 

H3C-( CHaJjCHj 


0 
D 


— CH2— CH — 
1 

HO-C-( CHzijCHs 
H2 








— CH2— CH — 
1 

HO-"C-( CH2 )6 CH2 
H2 






u 


— CH2--CH — 
1 

HO— C-^ CH2)7CH2 
H2 






E 


CH2— CH — 

1 

HO-C-KCH2 )9CH2 

H2 






r 


— CH2— CH — 
1 

HOOC-C-C-CH2 
H2 H2 








CH2-CH — 

1 

HOOC— C-( CH2 )jCH2 
H2 






H 


— CH2-CH — 
1 

HOOC— C-< CH2 CH2 
H2 






I 


CH2— CH — 

1 

HOOC-C-( CH2 )^fH2 
H2 






J 


— CH2— CH — 

Ox. 1 

l/CH^ CH2)5CH2 
H2C 
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K 


/^^CH, — CHj-CH — 

°v A, H H 1 
V-CH-C— C=C-C-C-CH2 






L 


/^^CHj — CHz-CH— 
V— CH-fC— C=C-j-CH2 






M 


CHj— CH — 



[0117] The polar group-containing olefin copolymer (VI) according to the Invention is excellent in adhesion properties 
to polar materials such as metals and polar resins, compatibility, tackiness and flexibility. 

[0118] The second embodiment of the polar group-containing olefin copolymer of the invention is a branched type 
polar group-containing olefin copolymer comprising a constituent unit represented by the following formula (1) and a 
constituent unit represented by the following fomnula (4) (also referred to as a "constituent unit (4)), and optionally a 
constituent unit represented by the following fonmuia (5) (also referred to as a "constituent unit (5)). 

— CHa-CH— 

■ I' 



. . . (1) 

— CHj— CH— 

{' 

Wq-iR®)f-fO— Z)p 



...(4) 
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— CH2-CH — 

f 

( R\— (W)n 



... (5) 

[0119] The constituent unit represented by the fomriula (1) Is identical with the aforesaid constituent unit (1 ). 
[0120] In the fomiulas (4) and (5). is a hydrocarbon group, such as a saturated or unsaturated hydrocarbon group, 
an alicyclic hydrocarbon group or an aronnatic hydrocarbon group, and examples of such hydrocarbon groups include 
the same groups as previously described with respect to in the formula (3). 

[01211 'n the formula (4), when r is 1 and R^ is bonded to R*. the valence of RS is 2. When r is 0 and each-O-2 of p 
or each W of q is bonded to R^, the valence of R^ is p+q+1 . 

[0122] In the formula (5), when m is 1 and R® Is bonded to R5, the valence of R^ is 2. When m is 0 and each W of n 
is bonded to R^, the valence of R^ is n-i-1 . 

[0123] Although RS in the formula (4) and RS in the formula (5) may be the same or different, they preferably are the 

same as each other. 

[0124] In the formulas (4) and (5), R^ is a hetero atom or a group containing a hetero atom, and examples the hetero 
atoms and the groups containing the hetero atom include the same atoms and groups as previously described with 
respect to R^ in the formula (3). 

[0125] In the formula (4), the hetero atom In R^ or the carbon atom to which the hetero atom is bonded is preferably 
bonded to RS, and examples of such structures include -RS-O-R-O-Z, -R5-C(=0)-R-0-Z, -R5-C(=0)0-R-0-Z, -RS-OC 
(=0)0-R-0-Z, -R5-C(=0)NH-R-0-2 and -R5-S-R-0-Z (R is methylene, phenylene or cyclohexylene). The above ex- 
amples are those wherein p is 1 and q is 0 in the formula (4), and the same shall apply to other cases. 
[0126] In the formula (5), the hetero atom in R^ or the carbon atom to which the hetero atom is bonded is preferably 
bonded to R^, and examples of such structures include -R^-O-R-W, -R5-C(=0)-R-W, -R5-C(=0)0-R-W, -R5-0C(=0) 
O-R-X, -R5.C(=0)NH-R-W and -R^-S-R-W (R is methylene, phenylene or cyclohexylene). The above examples are 
those wherein n is 1 in the formula (5), and the same shall apply to other cases. 

[0127] When R^ contains a carbon atom In the fonnulas (4) and (5), the number of carbon atoms to form R^ is in the 
range of preferably 1 to 20, more preferably 1 to 10, particularly preferably 1 to 5. 

[01 28] Although R^ in the fonnula (4) and R^ In the fomnula (5) may be the same or different, they preferably are the 
same as each other. 

[0129] In the formula (4), r Is 0 or 1 . When r is 0,-O-Z is bonded to any one of carbon atoms for forming RS When r 
is 1 , -0-Z Is bonded to any one of carbon atoms for forming R®. 

[0130] In the formula (5), m is 0 or 1 . When m is 0, W is bonded to any one of carbon atoms for forming R^. When 
m is 1 , W is bonded to any one of carbon atoms for forming R^. 

[0131] In the formula (4), Z is a polymer segment obtained by anionic polymerization, ring-opening polymerization 
or polycondensation. 

[0132] Examples of the polymer segments include segments obtained by anionic polymerization of one or more 
monomers selected from methyl methacrylate, ethyl methacrylate, butyl acrylate, acrylonitrile and acrylamide, seg- 
ments obtained by ring-opening polymerization of lactone, lactlde, siloxane, lactam, cyclic ether, oxazoline, ethylene 
oxide, propylene oxide, etc., and segments obtained by polycondensation of monomers, such as polycarboxylic acid 
and polyhydric alcohol, polycarboxylic acid and polyamlne, or hydroxycarboxylic acid. 
[0133] Examples of polar monomers employed in fomiation of the polymer segment include: 

(melh)acrylic acid esters, such as monoesters of monovalent alcohols and acrylic acid or methacrylic acid, spe- 
cifically, 

methylacrylate, methylmethacrylate, elhylacrylate, propylmethacrylate, butylacrylate, 2-ethylhexylmethacrylate, 
laurylacrylate, stearylmethacrylate, 1 .1 ,1 ,3,3,3-hexafluoroisopropylacrylate. 1 ,1 ,1 ,3,3,3-hexafluoroisopropylmeth- 
acrylate, 2,2,2-trifluoroethylacrylate. 2,2.2-trlfluoroethylmethacrylate, 1 H,1 H,2H.2H-heptadecafluorodecylacr- 
ylate, allylacrylate, a I lylmeth acrylate, cyclohexylmethacrylate, glycidylacrylate, glycidylmethacrylate, tetrahydro- 
furfurylacrylate, benzylacrylate and p-phenylethylmethacrylate; 
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monoesters of divalent alcohols with a terminal protected by an ether linkage and acrylic acid or methacryllc acid, 
such as 2-methoxyethylacrylate, 2-ethoxyethylmethacrylate, 2-phenoxyethylacrylate, 2-dicyclopentenyloxyethyl- 
acrylate, 1-methoxy-2-propylmethacrylate, 3-methoxypropylacrylate, 4-ethoxybutylmethacrylate, 6-aiethoxyhex- 
amethylacrylate, methoxydiethyleneglycolacrylate, phenoxydipropyleneglycolmethacrylete, ethoxytripropyleneg- 
iycolmethacrylate, ethoxypolyelhyleneglycolacrylate and met hoxypolypropyleneglycolmeth acrylate; 
polyvalent esters of a divalent or more alcohol and acrylic acid or methacrylic acid, such as ethyleneglycoldiacr- 
ylate, ethyleneglycoldlmethacrylate, propyleneglycoldiacrylate, propyleneglyco Id imeth acrylate, 1 ,3-propanediol 
dimeth acrylate, 1 ,4-butanediol diacrylate, 1 ,6-hexanediol dimethacrylate, neopentylglycol diacrylate, neopentylg- 
lycol dimethacrylate, diethyleneglycol diacrylate, dipropylenegtycol dimethacrylate, triethyleneglycol dimethacr- 
ylate, tripropyleneglycol diacrylate, polyethyleneglycol diacrylate, polypropyleneglycol diacrylate, polyp ropy leneg- 
lycol dimethacrylate, glycerintri acrylate, glycerintrimethacrylate, pentaerythritol tetramethacrylate, dipentaerythri- 
tol hexaacrylate, trimethylolpropane triacrylate, po}y(ethyleneoxido)triol triacrylate, poly(propyleneoxido)triol tria- 
crylate and poly(propyleneoxido)trlol trimethacrylate; 

esters of alcohols having an ester linkage and acrylk: or methacrylic acid, such as 2-benzoyloxyethyl acrylate. 
2-benzoyloxyethyl methacrylate, 2-acetyloxy acrylate. 5-tetrahydrofurfuryloxycarbonylpentyl acrylate, 5-tetrahy- 
drofurfuryloxycarbonylpentyl methacrylate and 2,2,6.6-tetramethyl-4-oxy-5-oxa-heptane-1,7-diyl-diacrylate; 
esters of alcohols having a cyclic acetal linkage and acrylic acid or methacrylic acid, such as 2-tertial-butyt-1 ,3-di- 
oxycyclopentane-2'-yImethacrylate and 

2-tertial-butyl-5-ethyl-5-vinylcarbonyloxymethyl-1 ,3-dioxycyclohexane-2'(2)-ylacrylate; 

esters of oxysuccinimide and acrylic or methacrylic acid, such as N-oxysuccinimido acrylate and N-oxysuccinimido 

methacrylate; 

esters of an alcohol having a secondary amino group and acrylic acid or methacryric acid, such as 2-dimethylami- 
noethyl acrylate and 

2-ethylpropylaminoethyl methacrylate; and 

esters of an alcohol having a cyano group and acrylic acid or methacrylic acid, such as 2-cyanoethyl acrylate and 
2 -cyanopropy Imeth acrylate. 

[0134] Examples of {meth)acrylonitriles include acrylonitrlle and methacrylonitrile. 

[0135] Acrylamides include acrylamide, N-monosubstituted or N.N-disubstituled acrylamides, for example. 

acrylamlde; 

N-monosubstituted acrylamides, such as N-methylacrylamide, N-ethylacrylamide, N-propylacrylamide, N-butylacr- 
ylamide, N-octylacrylamide, N-phenylacrylamide, N-glycidylacrylamide and N.N'-ethylenebisacrylamide; 
N,N-disubstituted monoacry lam ides, such as N,N-dimethylacrylamide, N-ethyl-N-methylacrylamide, N.N-diethyl- 
acrylamide, N,N-di-n-propylacrylamide, N,N-dioctylacrylamide, N,N-diphenylacrylamide, N-ethyl-N-glycidylacryla- 
mide, N.N-diglycidylacrylamide, N-methyl-N-(4-glycldyloxybutyl)acrylamide, N-methyl-N-(5-glycidyloxypentyl)acr- 
ylamide, N-methyl-N-(6-glycidyloxyhexyl)acrylamide, N-acryloylpyrrolidine, N-acryloyl-L-proIinemethylester, N- 
acryloylpiperidlne, N-acryloylmorpholine and 1 -acryloylimidazole; and 

N.N'-disubstituted bisacry I amides, such as N,N'-diethyl-N,N'-ethylenebisacrylamide, N,N'-dimethyl-N,N'-hexame- 
thylenebisacrylamide and di(N,N'-ethytene)bisacrylamide. 

[0136] Examples of vinylpyridines include vinyl- or isopropenyi-substituted pyridines, such as 2*vinylpyridine, 2-lso- 

propenylpyridlne and 4-vinylpyridine. 

[0137] Examples of N -substituted maleimide include: 

N-aiiphatic-substttuted mateimides. such as N-methylmaleimide and N-ethytmaieimlde; and 
N-aromatic-substttuted maleimides, such as N-phenylmaleimide and N-(4-methylphenyl)maleimide. 

[0138] Examples of vinyl ketones include: methyl vinyl ketone, isopropenyl methyl ketone, ethyl vinyl ketone, ethyl 
isopropenyl ketone, butyi vinyl ketone and phenyl vinyl ketone. 

[0139] Examples of styrene derivatives include: p-methoxycarbonyl styrene, p-tertiary-butoxycarbonyl styrene and 
p-cyano styrene. 

[0140] Examples of the polar monomer include alkylene oxide compounds, for example, epoxy compounds, such 
as ethylene oxide, propylene oxide, 1 ,2-butylene oxide, 2,3-butylene oxide, styrene oxide, cyclohexene oxide, epichlo- 
rohydrin, epibromohydrin, methylglycidylether. allylglycidylether and phenylglycidylether. Of these, preferable are eth- 
ylene oxide, propylene oxide, 1 ,2-butylene oxide and styrene oxide. Highly preferable are propylene oxide and ethylene 
oxide. Propylene oxide is extremely preferred. 

[0141] Of these, preferable are polymer segments obtained by anionic polymerization of (meth)acrylic esters and 
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polymer segments obtained by ring-opening polymerization of ethylene oxide or propylene oxide. 
[0142] There is no specific limitation on the molecular weight of the polymer segment, and for example, the weight- 
average molecular weight is in the range of 200 to 1 ,000,000, preferably 500 to 100,000. 

[0143] When Z is polyethylene oxide or polypropylene oxide, the polar group-containing olefin copolymer Is excellent 
5 In coating properties, surface hydrophillc properties (anti-fogglng properties), antistatic properties, adhesion properties 
to polar resins (urethane resin, epoxy resin, etc.), compatibility with the polar resins, moisture absorption properties, 
water absorption properties (In case of high content of Z), dispersibility in water and oil resistance (in case of high 
content of Z). 

[0144] When Z is PMMA. the polar group-containing olefin copolymer is excellent in surface hardness, adhesion 
10 properties to metals, pigment dispersibility. filler dispersibility, oil resistance (in case of high content of Z), adhesion 
properties to polar resins (acrylic resin, nylon. EVOH, etc.) and compatibility with the polar resins. 
[0145] When Z is potyacrylonitrile or polyacrylamlde, the polar group-containing olefin copolymer Is excellent in sur- 
face hardness, surface hydrophillc properties (anti-fogglng properties), antistatic properties, coating properties, adhe- 
sion properties to metals, adhesion properties to polar resins (polyacrylonitrile, polyacrylamlde, polyamide, polyester, 
15 etc.), compatibility with the polar resins, dispersibility in water, biocompatibility, stimulation response, moisture absorp- 
tion properties and water absorption properties. 

[01 46] When Z is polyethyl methacrylate or polybutyl acrylate. the polar group-containing olefin copolymer is excellent 
in adhesion properties to metals, adhesion properties to polar resins (acrylic resin, nylon, EVOH, etc.), compatibility 
with the polar resins and oil resistance. 
20 [01 47] When Z is polyamide (including ring-opening polymer of lactam), the polar group-containing olefin copolymer 
is excellent In adhesion properties to polar resins (polyamide, etc.), compatibility with the polar resins, gas barrier 
properties and oil resistance. 

[0148] When Z is polyester (including ring-opening polymer of lactam), the polar group-containing olefin copolymer 
is excellent in adhesion properties to polar resins (polyester, etc.), compatibility with the polar resins and gas barrier 
25 properties. 

[0149] In the fonnula (4), p is an integer of 1 to 3, and when p is 2 or 3, each -O-Z may be the same or different. 
When p is 2 or 3 and r is 0, -O-Z may be bonded to the same or different atom of RS. When p is 2 or 3 and r is 1 , -O-Z 
may be bonded to the same or different atom of R^. 

[0150] In the fomriulas (4) and (5), W is a hydroxyl group or an epoxy group. 
30 (0151) Although W in the formula (4) and W in the fonmula (5) may be the same or different, they are preferably the 
same as each other. 

[0152] In the formula (4), q is 0, 1 or 2, and when q is 2, each W may be the same or different. When q is 2 and r is 
0, W may be bonded to the same or different atom of R^. When q is 2 and r is 1 , W may be bonded to the same or 
different atom of R^. 

35 [0153] In case of p>1 and q^1 , when r Is 0, W and -O-Z may be each bonded to the same or different atom of R^, 
and when r is 1 , W and -O-Z may be each bonded to the same or different atom of R®, and 



p+q 5 3- 

40 

[0154] In the fonnula (5), n Is an integer of 1 to 3, and when n is 2 or 3, each W may be the same or different. When 
n is 2 or 3 and m is 0. W may be bonded to the same or different atom of RS. When n is 2 or 3 and m is 1 , W may be 
bonded to the same or different atom of R®. 

[0155] In the second embodiment of the polar group-containing olefin copolymer of the invention, the constituent 
4S unit (1), the constituent unit (4), and optionally, the constituent unit (5) are bonded usually at random. 

Composition of copolymer 

[0156] In the second embodiment of the polar group-containing olefin copolymer of the invention, the molar ratio 
50 ((1 ):(4)+(5)) between the constituent unit (1 ) and the total of the constituent unit (4) and the constituent unit (5) is in 
the range of usually 99.99:0.01 to 0.01 :99.99, preferably 99.95:0.05 to 10:90, more preferably 99.9:0.1 to 30:70. The 
molar ratio ((4):(5)) between the constituent unit (4) and the constituent unit (5) is in the range of usually 1 00:0 to 0.01 : 
99.99. preferably 100:0 to 1 :99, more preferably 100:0 to 10:90. 

[0157] The second embodiment of the polar group-containing olefin copolymer of the invention may contain two or 
55 more kinds of the constituent units (1), may contain two or more kinds of the constituent units (4), and may contain 
two or more kinds of the constituent units (5). 

[0158] In the present invention, a preferred combination of the constituent unit (1), the constituent unit (4) and the 
constituent unit (5) is, for example, a combination of a constituent unit selected from examples of the constituent units 
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(1) shown in Table 7, a constituent unit selected from examples of the -R5-(R6)|.-o- portions and examples of the Z 
portions of constituent units (4) shown in Table 7, and a constituent unit selected from examples of the constituent 
units (5) shown in Table 7. Specific examples of such combinations include combinations of: 

5 1-A-21-a, 1-A-Z2-a, 1-A-Z3-a, 1-A-Z4-a, 1-A-Z5-a. 1-A-Z6-a, 1-A-Z7-B, 1-B-21-b, 1-B-Z2-b, 1-B-Z3-b, 1-B-Z4-b, 

1- B-Z5-b. 1-B-Z6-b, 1-B-Z7-b, 1-C-ZI-c, 1-C-Z2-C, 1-C-Z3-C, 1-C-Z4-C, 1-C-Z5-C, 1-C-Z6-C, 1-CZ7-C, 

2- A-Z1-a, 2-A-Z2-a, 2-A-Z3-a, 2-A-Z4-a, 2-A-25-a, 2-A-Z6-a, 2-A-Z7-a, 2'B-Z1-b, 2-B-Z2-b, 2-B-Z3-b, 2-B-Z4-b, 

2- B-Z5-b, 2-B-Z6-b. 2-B-Z7-b, 2-C-Z1 -c, 2-C-Z2-C, 2-C-Z3-C. 2-C-Z4-C, 2-C-Z5-C, 2-C-Z6-C, 2-C-Z7-C. 

3- A-Z1-a. 3-A-Z2-a, 3-A-Z3-a, 3-A-Z4-a, 3-A-Z5-a, 3-A-Z6-a, 3-A-Z7-a, 3-B-Z1-b. 3-B-Z2-b, 3-B-Z3-b, 3-B-Z4-b, 
10 3-B-Z5-b, 3-B-Z6-b, 3-B-Z7-b, 3-C-Z1 -c, 3-C-Z2-C, 3-C-Z3-C, 3-C-Z4-C, 3-C-Z5-C, 3-C-Z6-C, 3-C-Z7-C. 

4- A-Z1-a, 4-A-Z2-a, 4-A-Z3-a, 4-A-Z4-a, 4-A-Z5-a, 4-A-Z6-a, 4-A-Z7-a. 4-B-Z1-b, 4-B-Z2-b, 4-B-Z3-b, 4-B-Z4-b, 

4- B-Z5-b, 4-B-Z6-b, 4-B-Z7-b. 4-C-ZI -c, 4-C-22-C. 4-C-Z3-C, 4-C-Z4-C, 4-C-Z5-C, 4-C-Z6-C, 4-C-Z7-C, 

5- A-Z1-a, 5-A-Z2-a, 5-A-Z3-a, 5-A-Z4-a, 5-A-Z5-a. 5-A-Z6-a, 5-A-Z7-a, 6-B-Z1-b, 6-B-Z2-b. 5-B-Z3-b, 5-B-24-b, 

5- B-Z5-b, 5-B-Z6-b, 5-B-Z7-b, 5-C-ZI-c. 5-C-Z2-C. 5-C-Z3-C, 5-C-Z4-C, 5-C-Z5-C. 5-C-Z6-C, 5-C-Z7-C, 

IS 6-A-Z1-a, 6-A-Z2-a. 6-A-Z3-a, 6-A-Z4-a, 6-A-Z5-a. 6-A-Z6-a. 6-A-Z7-a. 6-B-Z1-b, 6-B-Z2-b, 6-B-Z3-b, 6-B-Z4-b, 

6- B-Z5-b, 6-B-Z6-b, 6-B-Z7-b, 6-C-ZI-c, 6-C-Z2-C, 6-C-Z3-C, 6-C-Z4-C, 6-C-Z5-C, 6-C-Z6-C, 6-C-Z7-C, 

7- A-Z1-a. 7-A-Z2-a, 7-A-Z3-a, 7-A-Z4-a. 7-A-Z5-a. 7"A-Z6-a. 7-A-Z7-a. 7-B-Z1-b, 7-B-Z2-b. 7-B-Z3-b, 7-B-Z4-b. 
7'B-Z5-b, 7-B-Z6-b, 7-B-Z7-b. 7-C-ZI-c. 7-C-Z2-C. 7-C-Z3-C. 7-C-Z4'C, 7-C-Z5-C, 7-C-Z6-C, 7-C-Z7-C, 

8- A-Z1-a, 8-A-Z2-a, 8-A-23-a, 8-A-Z4-a, 8-A-Z5-a, 8-A-Z6-a, 8-A-Z7-a, 8-B-Z1-b. 8-B-Z2-b, 8-B-Z3-b, 8-B-Z4-b. 
20 8-B-Z5-b, 8-B-Z6-b, 8-B-Z7-b, 8-C'Z1-c, 8-C-Z2-C, 8-C-Z3-C, 8-C-Z4-C, 8-C-Z5-C, 8-C-Z6-C, 8-C-Z7-C. 

9- A-Z1-^. 9-A-Z2-a. 9-A-Z3-a, 9-A-Z4-a, 9-A-Z5-a. 9-A-Z6-a. 9-A-Z7-a, 9-B-Z1-b, 9-B-Z2-b, 9-B-Z3-b, 9-B-Z4-b, 
9-B-Z5-b, 9-B-Z6-b. 9-B-Z7-b, 9-C-ZI-c, 9-C-Z2-C, 9-C-Z3-C, 9-C-Z4-C, 9-C-Z5-C, 9-C-Z6-C and 9-C-Z7-C. 

[0159] In the above-mentioned combination examples, numerals indicate examples of the constituent units (1), A, 
2s B and C Indicate examples of the -R5-(R6)r-0-portions of the constituent units (4), Z1 to Z7 indicate examples of the 
Z portions of the constituent units (4), and a, b and C indicate examples of the -R5-(R6)^-Wn- portions of the constituent 
units (5). 
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Other copotymerizable components 

[0160] The branched type polar group-containing olefin copolymer of the Invention may contain constituent units 
other than the constituent unit (1), the constituent unit (4) and the constituent unit (5), within limits not detrimental to 
the objects of the present Invention. 

[0161] Examples of the constituent units which may be contained include constituent units derived from cyclic olefins 
other than the polar group-containing monomer represented by the following formula (10), non-conjugated polyenes, 
hydroxyl group-containing ethylenically unsaturated compounds, amino group-containing ethylenically unsaturated 
compounds, epoxy group-containing ethylenically unsaturated compounds, aromatic vinyl compounds, unsaturated 
carboxylic acids and their derivatives, vinyl ester compounds, and vinyl chloride. 

[0162] When these constituent units are contained, the amount thereof is not more than 30 mol %, preferably not 
more than 20 mol %, more preferably not more than 10 mol %, based on all constituent units to constitute the polar 
group-containing olefin copolymer. 

Properties of copolymer 

[0163] The weight-average molecular weight (IVIw) of the polar group-containing olefin copolymer of the second 
embodiment of the invention is in the range of usually 500 to 2,000,000, preferably 1 ,000 to 1 ,500,000, more preferably 
5,000 to 1 .300,000, and the molecular weight distribution (Mw/Mn) thereof is usually not more than 3, preferably not 
more than 2.8, more preferably not more than 2.5. 

[0164] When the molecular weight distribution (Mw/Mn) is not more than 3, the polar group-containing olefin copol- 
ymer is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material 
and has excellent adhesion properties to a polar material and excellent compatibility with a polar material. 
[0165] The intensity ratio (Tap/(Taa+Tafi)) of Tap to Taa+Tap in the ^^c-NMR spectrum of the polar group-con- 
taining olefin copolymer is not more than 1 .0, preferably not more than 0.8, more preferably not more than 0.5. 
[0166] When the intensity ratio (Tap/(Taa+Tap)) is not more than 1 .0, the polar group-containing olefin copolymer 
is excellent in orientation of the polar groups toward the Interface between said copolymer and a polar material. 
[0167] The second embodiment of the polar group-containing olefin copolymer of the invention Is excellent in adhe- 
sion properties to metals and polar materials such as polar resins, compatibility therewith, surface hydrophilic proper- 
ties, coating properties, printability, anti-fogging properties, antistatic properties, oil resistance, biocompatibility, dis- 
persibility in water, dispersibility in solvent, pigment dispersibllity, filler disperstbiltty, transparency, mechanical strength 
and moldability. 

[0168] The third embodiment of the polar group-containing olefin copolymer of the Invention comprises aconstituent 
unit represented by the following formula (1) and a constituent unit represented by the following formula (6) (also 
referred to as a "constituent unit (6)), and optionally a constituent unit represented by the following formula (3). 

— CH2-CH— 



... (1) 
— CH2— CH— 

L 

(R^)r— (X), 
... (3) 
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... (6) 

[0169] The constituent unit represented by the fonnuta (1 ) is identical with the aforesaid constituent unit (1 ), and the 
constituent unit represented by the formula (3) is identical with the aforesaid constituent unit (3). 
[0170] In the third embodiment of the polar group-containing olefin copolymer of the invention, the constituent unit 
represented by the fomnula (3) is also preferably a constituent unit represented by the following formula (3'). 



CH2-CH— 

I 

... (3') 

[0171] In the fomnula (3'). R^' is a hydrocarbon group, preferably a hydrocarbon group of 1 to 20 carbon atoms, more 
preferably a hydrocarbon group of 3 to 20 carbon atoms. 
[0172] p is an integer of 1 to 3, preferably 1 . 

[0173] X' is a polar group containing O and/or N, preferably -OR, -COOR, -CRO, -NR2, an epoxy group, 

-CNR, -OCR 

II II 

o , o 



(R is hydrogen or hydrocarbon group) -CsN, -OH, -COOH or NHg. 

[0174] The constituent unit represented by the formula (3') is, for example, a constituent unit derived from the polar 
group-containing monomer represented by the following formula (7'). 

[0175] In the formula (6), R^ is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms, preferably 
a direct bond or a hydrocarbon group of 1 to 10 carbon atoms. 

[0176] Is a hydrogen atom, a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms, preferably 
a direct bond or a hydrocarbon group of 1 to 10 carbon atoms. 

[0177] Y is a polar group containing O and/or N, and preferred examples of such polar groups include the same 
groups as previously described with respect to X'. 

[0178] m and n are each an integer of 0 to 2, and m+n is not 0. s is 0 or 1 . 

[0179] The constituent unit represented by the formula (6) is, for example, a constituent unit derived from the polar 
group-containing monomer represented by the following formula (8). 

[0180] In the third embodiment of the polar group-containing olefin copolymer of the invention, the constituent unit 
(1), the constituent unit (3) and the constituent unit (6) are bonded usually at random. 

Composition of copolymer 

[0181] In the third embodiment of the polar group-containing olefin copolymer of the invention, the molar ratio ((1): 
(3)-i-(6)) between the constituent unit (1) and the total of the constituent unit (3) and the constituent unit (6) is in the 
range of usually 99.99:0.01 to 0.01 :99.99. preferably 99.95:0.05 to 10:90, more preferably 99.9:0.1 to 30:70. The molar 
ratio ((3):(6)) between the constituent unit (3) and the constituent unit (6) is in the range of usually 0:100 to 99.99:0.01 , 
preferably 0:100 to 99:1 , more preferably 0:100 to 90:10. 
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[0182] The third embodiment of the polar group-containing olefin copolymer of the invention may contain two or more 
kinds of the constituent units (1), may^contain two or more kinds of the constituent units (3), and may contain two or 
more kinds of the constituent units (6). 

5 Other copolymerizable components 

[0183] The polar group-containing olefin copolymer of the invention may contain constituent units other than the 
constituent unit (1), the constituent unit (3) and the constituent unit (6), within limits not detrimental to the objects of 
the present invention. 

10 [01 84] Examples of the constituent units which may be contained include constituent units derived from cyclic olefins 
other than the polar group-containing monomer represented by the following formula (8) or (7), non-conjugated pol- 
yenes, hydroxyl group-containing ethylenically unsaturated compounds, amino group-containing ethylenically unsatu- 
rated compounds, epoxy group-containing ethylenically unsaturated compounds: aromatic vinyl compounds, unsatu- 
rated carboxylic acids and their derivatives, vinyl ester compounds, and vinyl chloride. 

IS [0185] When these constituent units are contained, the amount thereof is not more than 30 mol %, preferably not 
more than 20 mol %, more preferably not more than 1 0 mol %, based on all constituent units to constitute the polar 
group-containing olefin copolymer. 

Properties of copolymer 

20 

[0186] The weight-average molecular weight (Mw) of the third embodiment of the polar group-containing olefin co- 
polymer of the invention is in the range of usually 500 to 2,000,000, preferably 1 ,000 to 1 ,500,000, more preferably 
5,000 to 1 ,300,000, and the molecular weight distribution (Mw/l\/ln) thereof is usually not more than 3, preferably not 
more than 2.8, more preferably not more than 2.5. 

25 [0187] When the molecular weight distribution (Mw/Mn) is not more than 3, the polar group-containing olefin copol- 
ymer Is excellent in orientation of the polar groups toward the interface between said copolymer and a polar material 
and has excellent adhesion properties to a polar material and excellent compatibility with a polar material. 
[0188] The intensity ratio (Tap/{Taa+TaP)) of Tap to Taa+Tap in the ^^C-NMR spectrum of the polar group-con- 
taining olefin copolymer is not more than 1 .0, preferably not more than 0.8, more preferably not niore than 0.5. 

30 [0189] When the intensity ratio {Tap/(Taa+Tap)) is not more than 1 .0, the polar group-containing olefin copolymer 
is excellent in orientation of the polar groups toward the Interface between said copolymer and a polar material. 
[0190] The third embodiment of the polar group-containing olefin copolymer of the invention is excellent in adhesion 
properties to metats and polar materials such as polar resins, compatibility and flexibility. 

^ Process for preparing polar group-containing olefin copolymer 

[01 91 ] The first embodiment of the process for preparing a polar-group containing olefin copolymer according to the 
Invention comprises copolymerizing at least one a-olefin selected from a-olefins of 2 to 20 carbon atoms and at least 
one polar group-containing monomer selected from a polar group-containing monomer represented by the following 
40 formula (7) and a polar group-containing monomer represented by the following formula (8) in the presence of an olefin 

polymerization catalyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 10 of the 
periodic table, and 

(B) at least one compound selected from: 
(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an ion pair (sometimes refenred to as an "ionizing 
ionic compound" hereinafter), and 
so (B-3) an organoaluminum compound. 

[0192] When a polar group-containing monomer represented by the following formula (7) is used as the polar group- 
containing monomer in the invention, the aforesaid first embodiment of the polar group-containing olefin copolymer is 
obtained. When a polar group-containing monomer represented by the following fomnula (8) and optionally a poiar 
55 group-containing monomer represented by the following formula (7) are used as the polar group-containing monomers 
in the invention, the aforesaid third embodiment of the polar group-containing olefin copolymer is obtained. 
[0193] First the components for forming the olefin polymerization catalyst used in the invention are described. 
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(A) Transition metai compound 

[0194] The transition metal compound (A) for use In the invention is a compound of a transition metal selected from 
Group 3 (including lanthanoid and actlnoid) to Group 1 0 of the periodic table. 

[0195] Examples of transition metals selected from Group 3 (including lanthanoid and actlnoid) to Group 10 of the 
periodic table include scandium, titanium, zirconium, hafnium, vanadium, niobium, tantalum, palladium, nickel, cobalt, 
rhodium^ yttrium, chromium, molybdenum, tungsten, manganese, rhenium, iron and ruthenium. Of these, preferable 
are scandium, titanium, zirconium, hafnium, vanadium, niobium, tantalum, palladium, nickel, cobalt and rhodium. Par- 
ticularly preferable are titanium, zirconium and hafnium. 

[0196] As the transition metal compound (A), not only Ziegler-Natta catalyst and a metallocene catalyst but also a 
known organometallic. complex is employable In the Invention. 

[0197] Examples of the transition metal compounds (A) preferably used are any compounds represented by the 
following formulae (11) to (16). 

[0198] The transition metal compound represented by the fonnula (11) is described below. 




. . . (11) 



[0199] In the above formula, is a transition metal atom of Group 3 (including lanthanoid and actlnoid) to Group 
10 of the periodic table, preferably a transition metal atom of Group 4, specifically zirconium, titanium or hafnium, 
preferably zirconium. 

[0200] R25, r26^ r27 and p28 may be the same or different and are each a hydrogen atom, a nitrogen-containing 
group, a phosphorus-containing group, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group or a 
halogen atom. 

[0201] Examples of the nitrogen-containing groups include amino group; primary amino group; alkylamino groups, 
such as methylamino, dimethylamino, diethylamino, dipropylamino, dibutylamino and dicyctohexylamino; andarylami- 
no groups or alkylaryl amino groups, such as phenylamino, diphenylamino, ditolylamino, dinaphthylamino and meth- 
ylphenylamlno. 

[0202] Examples of the phosphorus-containing groups include phosphino groups, such as dimethylphosphino and 
diphenylphosphino. 

[0203] Examples of the hydrocarbon groups of 1 to 20 carbon atoms include alkyi groups, cycloalkyi groups, alkenyl 
groups, arylalkyi groups and aryl groups. More specifically, there can be mentioned alkyI groups, such as methyl, ethyl, 
propyl, butyl, hexyl, octyl, nonyt, dodecyl and elcosyl; cycloalkyi groups, such as cyclopentyl, cyclohexyl, norbornyl 
and adamantyl; alkenyl groups, such as vinyl, propenyl and cyclohexenyl; arylalkyi groups, such as benzyl, phenylethyl 
and phenylpropyl; and aryl groups, such as phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, 
biphenylyl, naphthyl, methylnaphthyl, anthryl and phenanthryl. 

[0204] Examples of the halogenated hydrocarbon groups of 1 to 20 carbon atoms include groups wherein the above- 
mentioned hydrocart5on groups of 1 to 20 cartDon atoms are substituted with halogens. 

[0205] Examples of the oxygen-containing groups include hydroxyl group; alkoxyl groups, such as methoxy. ethoxy, 
propoxy and butoxy; aryloxy groups, such as phenoxy. methylphenoxy, dimethylphenoxy and naphthoxy; and aryla- 
Ikoxyt groups, such as phenylmethoxy and phenylethoxy. 

[0206] Examples of the sulfur-containing groups include groups wherein oxygen is replaced with sulfur In the above- 
mentioned oxygen-containing groups; sulfonate groups, such as methylsulfonate, trifluoromethanesulfonate, phenyl- 
sulfonate, benzylsulfonate, p-toluenesulfonate, trimethylbenzenesulfonate. triisobutylbenzenesutfonate, p-chloroben- 
zenesulfonate and pentafluorobenzenesulfonate; and sulflnate groups, such as methylsulfinate, phenylsulflnate, ben- 
zylsulfinate, p-toluenesulfinate, trimethylbenzenesulfinate and pentafluorobenzenesulfinate. 

[0207] Examples of the silicon-containing groups include monohydrocarbon-substiluted sllyls, such as methylsilyl 
and phenylsilyl; dihydrocarbon-substituted siiyls, such as dimethylsityl and diphenylsilyl; trihydrocarbon -substituted 
sityls, such as trim ethyls ily I, triethylsilyL tripropylsilyl. tricyclohexylsilyl, triphenylsilyi. dimethylphenylsilyl. methyldiphe- 



35 



EP1 186 619 A2 



nylsllyl, tritolylsilyl and trinaphthylsilyl; sityl ethers of hydrocarbon-substituted silyls, such as trimethylsilyl ether; silicon- 
substituted alkyi groups, such as trimethylsilylnnethyl; and silicon-substituted aryl groups, such as trimethylsilylphenyl. 
[0208] Examples of the halogen atoms Include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 
[0209] Of the groups Indicated by R25^ r26^ r27 and R28, a part of the groups neighboring with each other may be 
bonded to form a ring together with cartoon atoms to which those groups are bonded. 

[0210] R25, R26^ R27 and R28 are each shown at two positions, and for example, R25 and R25 may be the same 
groups or different groups. Of the groups indicted by R^s to R28, the groups with the same symbols are a preferred 
combination of groups which are linked to form a ring. 

[0211] Examples of the rings fornied from a part of the neighboring groups out of R25, r26^ r27 and R28 together 
with carbon atoms to which those groups are bonded include condensed rings, such as benzene ring, naphthalene 
ring, acenaphthene ring and indene ring: and groups wherein hydrogen atoms on these rings are replaced with alky! 
groups such as methyl, ethyl, propyl and butyl. 

[0212] Of these, preferable is a hydrocarison group of 1 to 20 carbon atoms or a hydrogen atom, and particularly 
preferable is a hydrocarbon group of 1 to 4 cartson atoms such as methyl, ethyl, propyl or butyl, a benzene ring fomried 
by bonding of a hydrocarbon group, or a group wherein a hydrogen atom on a benzene ring formed by bonding of a 
hydrocarbon group is replaced with an alkyI group such as methyl, ethyl, n-propyl, isopropyt, n-butyl, Isobutyl ortert- 
butyl. 

[0213] X1 and X2 may be the same or different and are each the same hydrocart^on group of 1 to 20 carbon atoms, 
halogenated hydrocarbon group of 1 to 20 carbon atoms, oxygen-containing group, sulfur-containing group, silicon- 
containing group, hydrogen atom or halogen atom as described above with respect to R^s, r26^ r27 and R28. Of these, 
preferable Is a halogen atom, a hydrocarbon group of 1 to 20cart)on atoms or a sulfonate group. 
[0214] is a divalent hydrocart3on group of 1 to 20 carbon atoms, a divalent halogenated hydrocartDon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent gemianium-containing group, a divalent tin-contain- 
ing group, -0-, -CO-, -S-. -SO-, -SOg-. -Ge-, -Sn-. -NR21-, -P(R21)., -P(0)(R21)-, -BR21- or -AIR21- (each R2i may be 
the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocartDon group of 1 to 
20 carbon atoms, a hydrogen atom or a halogen atom). 

[0215] Examples of the divalent hydrocartaon groups of 1 to 20 cartoon atoms Include alkylene groups, such as meth- 
ylene, dimethylmethylene, 1 ,2-ethylene, dimethyl-1 ,2-ethylene, 1 ,3-trimethylene, 1 ,4-tetramethylene, 1 ,2-cyclohexy- 
lene and 1 ,4-cyctohexylene; and arylalkylene groups, such as diphenylmethylene and dlphenyl-1 ,2-ethylene. 
[0216] Examples of the divalent halogenated hydrocarbon groups of 1 to 20 carbon atoms include groups wherein 
the above-mentioned divalent hydrocarbon groups of 1 to 20 cariaon atoms are halogenated, such as chloromethylene. 
[0217] Examples of the divalent silicon-containing groups include alkylsilylene groups, such as silylene, methylsi- 
lylene, dimethylsllylene, diethylsilylene, dl(n-propyl)silylene, dl(i^propyl)silylene, di(cyclohexyl)silylene, methylphenyls- 
llylene. di phenyls! lylene, di(p-totyl)sitylene and di(p-chlorophenyt)silylene; alkylarytsilylene groups; arylsitylene groups; 
alkyldisilylene groups, such as tetramethyI-1 ,2-disilylene and tetraphenyl-1 ,2-disilylene; alkylaryldisllylene groups; and 
aryldisitylene groups. 

[0218] Examples of the divalent gemrianium-containlng groups include groups wherein silicon is replaced with ger- 
manium in the above-mentioned divalent silicon-containing groups. 

[0219] Examples of the divalent tin-containing groups include groups wherein silicon is replaced with tin In the above- 
mentioned divalent silicon-containing groups. 

[0220] R21 is the same hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 1 to 20 carbon 
atoms or halogen atom as described above with respect to R25, r26^ r27 and R28, or a nitrogen compound residue in 
which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom, 
[0221] Of these, a substituted silylene group, such as dimethylsllylene, diphenylsilylene or methylphenylsilylene, is 
particularly preferable as . 

[0222] Examples of the transition metal compounds represented by the formula (11 ) include 

ethylene-bis(indenyl)dimethyl zirconium, 
ethylene-bis(indenyl)zirconium dichloride, 
ethylene-bis(indenyl)zirconium-bis(trifluoromethanesulfonate), 
ethylene-bis(indenyl)zirconium-bls(methanesutfonate). 
ethylene-bis(indenyl)zirconium-bis(p-toluenesulfonate), 
ethylene-bis(indenyl)zirconium bis(p-chlorobenzenesutfonate), 
ethylene-bis(4,5,6,7-tetrahydroindenyl)zlrconium dichloride, 
isopropylldene-bis{cyclopentadlenyl)fluorenylzirconlum dichloride, 
lsopropylidene-bis(cyclopentadienyl)(methylcyclopentadienyl)zirconlum dichloride, 
dimethylsilylene-bis(cyclopentadienyl)zifcon ium dichloride, 
dimethylsilylene-bls(methylcyclopentadlenyl)zirconium dichloride, 
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dimethytsityIene-bis(dimethylcyclopentadienyl)zirconium dichloride, 
dimethytsitylene-bis(trimethylcyclopentadienyl)zirconiunn dichloride, 
dimethylsi{ylene-bls(indenyl)2jrconium dichloride, 
dimethylsilylene-bis(indenyl)zlrconium-bis(trifluoromethanesulfonate), 
dlnnethylsiIylene-bis(4,5.6,7-tetrahydroindenyl)zirconlum dichloride, 
dimethylsitylene-bls(cyclopentadienyl)(fluorenyl) zirconium dichloride, 
diphenyisi}ylene-bis(indenyl)zirconium dichloride, 
methylphenylsilylene-bis(indenyl)2irconium dichloride. 
rac-dimethylsilylene-bis(2,3,5-trimethylcyclopentadienyl)zirconium dichloride, 
rac-dimethylsilylene-bis(2,4,7-trimethylcyclopentadienyl)zirconium dichloride, 
rac-dimethylsilylene-bis(2-methyl-4-tert-butylcyclopentadienyl)zirconium dichloride, 
isopropylldene-(cyclopentadienyl)(fluorenyl)zirconlum dichloride, 
dimethylsilylene-(3-tert-butylcyclopentadienyl)(indenyl)2irconlum dichloride, 
isopropylidene-(4-methylcyclopentadienyl){3-methylindenyl)zirconium dichloride, 
isopropylidene(4-tert-butylcyclopentadienyl){3-methylindenyl)zirconium dichloride, 
isopropyndene(4-tert-butylcyclopentadienyl)(3-tert-butylindenyl)zlrconium dichloride^ 
dimethylsilylene*(4-methylcyclopentadienyl)(3-methylindenyl)z(rconium dichloride, 
dimethylsilylene-(4-tert-butylcyclopentadienyl)(3-methylindenyl)zirconium dichloride, 
dimethylsilylene-(4-tert-butylcyclopentadienyl)(3-tert-butytindenyl)zirconium dichloride, 
dimethylsilylene-(3-tert-butylcyclopentadienyl)(fluorenyl)zirconium dichloride, 
isopropylidene-(3-tert-butylcycIopentadienyl)(fluorenyl)zirconium dichloride, 
N,N-diphenylaminoboryliden-bis(cyclopentadienyl)zirconium dichloride, 
N,N-dinaphthylaminoboryliden-bis{cyclopentadienyl)zirconium dichloride. 
N;N-dlmethylaminoboryliden-bis(cyclopentadlenyl)zirconlum dichloride and 
N-methyl-N-phenylaminoboryliden-bis(cyclopentadienyl)zlrconium dichloride. 

[0223] Also available are connpounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0224] The transition metal compound represented by the formula (11) is more specifically a transition metal com- 
pound represented by the following formula (11a) or (11b). 



[0225] In the above formula, M"" is a transition metal atom of Group 4 of the periodic table, specifically zirconium, 
titanium or hafnium, preferably zirconium. 

[0226] Each R^i may be the same or different and is a hydrocarbon group of 1 to 6 cart3on atoms. Examples of such 
hydrocarbon groups include alkyi groups, such as methyl, ethyl, n-propyl, Isopropyl, n-butyl, isobutyl, sec-butyl, tert* 
butyl, n-pentyl, neopentyl, n-hexyl and cyclohexyl; and alkenyl groups, such as vinyl and propenyl. Of these, preferable 
are alkyI groups whose carbon atoms bonded to indenyl groups are primary carbon atoms, more preferable are alkyl 
groups of 1 to 4 carbon atoms, and particularly preferable are methyl and ethyl. 

[0227] R32^ r34^ r35 ancj r36 may the same or different and are each a hydrogen atom, a halogen atom or the 
same hydrocarbon group of 1 to 6 carbon atoms as described above with respect to R^i. 

[0228] Each R33 may be the same or different and Is a hydrogen atom or an aryl group of 6 to 16 carbon atoms. 
Examples of such aryl groups Include phenyl, a-naphthyl, p-naphthyl, anthryl, phenanthryl, pyrenyl, acenaphthyl, phe- 
nalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and biphenylyl. Of these, preferable are phenyl, naphthyl, anthryl 
and phenanthryl. 

[0229] These aryl groups may be substituted with: 

halogen atoms, such as fluorine, chlorine, bromine and iodine; 




. . . (11a) 
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hydrocarbon groups of 1 to 20 carbon atoms, e.g., alkyi groups, such as methyl, ethyl, propyl, butyL hexyl, cy- 
clohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and adamantyl; alkenyl groups, such as vinyl, propenyl and 
cyclohexenyl; arylalkyt groups, such as benzyl, phenylethyl and phenyipropyl; and aryl groups, such as phenyl, 
tolyl, dimethylphenyl, trimethylphenyl. ethylphenyl, propylphenyl, biphenylyl, a- or p-naphthyl, methylnaphthyl, an- 
thryl, phenanthryl, benzylphenyl, pyrenyl, acenaphthyl, phenaleny). aceanthrylenyl, tetrahydronaphthyl, indanyl 
and biphenylyl; and 

organosilyt groups, such as trimethylsilyl, triethylsilyl and triphenytsilyl. 

[0230] and may be the same or different and have the same meanings as those of X'' and X^ in the formula 
(11 ). Of the aforesaid atoms and groups, preferable is a halogen atom or a hydrocarbon group of 1 to 20 carbon atoms. 
[0231] V has the same meaning as that of in the formula (11). Of the aforesaid groups, preferable is a divalent 
silicon-containing group, a divalent germanium-containing group, a divalent alkylene group or a divalent boron-con- 
taining boronyl group, more preferable is a divalent silicon-containing group or a divalent alkylene group, and particularly 
preferable is alkytsilylene, alkylarylsilylene, arylsilylene, alkylakylene or arylalkytene. 

[0232] Examples of the transition metal compounds represented by the formula (11a) include rac-dimethylsilylene- 
bis[1 -(2-methyl-4-phenylindenyl)]zirconium dichloride, rac-dimethylsifylene-bis[1 -(2-methyl-4-(a-naphthyl)indenyl)]zir- 
conium dichloride. rac-dimethylsilylene-bis[1-(2-methyl-4-(p-naphthyl)indenyl)]zirconium dichloride, rac-dim ethyls i- 
lylene-bis[1 -(2-methyl-4-(1 -anthryl)jndenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-methyl-4-(2-anthryl)in- 
denyl)]zirconium dichloride, rac-dimethylsilylene-bis[1-(2-methyl-4-(9-anthryl)indenyl)lzirconium dichloride, rac- 
dlmethylsilylene-bis[1 -(2-methyl-4-(9-phenanthryl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-methyl- 
4-(p-fluorophenyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1-(2-methyl-4-(pentafluorophenyl)indenyl)) 
zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-methyl-4-(p-chlorophenyl)indenyl)]zirconium dichloride, rac-dimeth- 
ylsilylene-bis[1 -(2-methyl-4-(m-chlorophenyl)indenyl)]zirconium dichloride. rac-dimethylsilylene-bis[1 -(2-methyl-4-(o- 
chlorophenyl)lndenyl)]zirconium dichloride, rac-dimethylsitylene-bjs[1-(2-methyi-4-(o,p-dichlorophenyl)phenylinde- 
nyl)]zirconium dichloride, rac-dlmethylsilylene-bis[1-(2-methyl-4-(p-bromophenyl)lndenyl))zfrconium dichloride, rac- 
dimethylsilylene-bis[1 -(2-methyl-4-(p-tolyl)indenyl)]zirconium dichloride, rac-dlmethylsifytene-bis[1 -(2-methyl-4-(m- 
tolyl)lndenyl)]zirconium dichloride, rac-dimethylsilylene-bis(1-(2-methyl-4-(o-tolyl)indenyl)]zirconium dichloride, rac- 
dimethylsilylene-bis[1 -(2-methyl-4-(o,o'-dimethylphenyl)-1 -indenyl)]zirconium dichloride, rac-dimethylsilylene-bis 
[1 -(2-methyl-4-(p-ethylphenyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bls[1 -(2-methyl-4-(p-i-propylphenyl) 
indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-methyl-4-(p-benzylphenyl)lndenyl)]zirconium dichloride, 
rac-dimethylsitylene-bis[1 -(2-methyl-4-(p-biphenylyl)indenyl))zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-me- 
thyl-4-(m-biphenylyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1-(2-methyl-4-(p-trimethylsilylenephenyl) 
indenyl)]zirconium dichloride, rac-dimethytsilylene-bis[1-(2-methyl-4-(m-trimethylsilylenephenyi)indenyl)]zirconium 
dichloride, rac-dimethylsilylene-bls[1 -(2-phenyl-4-phenylindenyl)]zirconium dichloride, rac-dlmethylsilylene-bis 
[1 -(2-methyl-4-phenylindenyl)]zirconium dichloride, rac-di-(i-propyl)silylene-bis[1 -(2-methyI-4-phenyllndenyl)]zirconi- 
um dichloride, rac-di-(n-butyl)silylene-bis[1-(2-methyl-4-phenyllndenyl)]zirconium dichloride, rac-dicyclohexylsilylene- 
bis[1 -(2-methyl-4-phenylindenyl)]zirconium dichloride, rac-methylphenylsllylene-bis[1 -(2-methyl-4-phenylindenyl)]zir- 
conlum dichloride, rac-diphenylsilylene-bis[1-(2-methyl-4-phenylindenyl)]zirconium dichloride, rac-di(p-tolyl)silylene- 
bis[1 -(2-methyl-4-phenylindenyl)]zirconium dichloride. rac-di(p-chlorophenyl)sllylene-bis[1 -(2-methyl-4-phenylinde- 
nyl)lzlrconium dichloride, rac-methylene-bis[1-(2-methyl-4-phenylindenyl)]zirconium dichloride, rac-ethylene-bis 
[1 -(2-methyl-4-phenylindenyl)]zirconium dichloride, rac-dimethylgennylene-bis[1 -(2-methyl-4-phenylindenyl)]zirconi- 
um dichloride, rac-dimethylstannylene-bis[1-(2-methyl-4-phenylindenyl)]zirconium dichloride, rac-dimethylsilylene-bis 
[1 -(2-methyl-4-phenylindenyl)]zirconium dibromide, rac-dtmethylsilylene-bis[1 -(2-methyl-4-phenylindenyl)]zirconium 
dimethyl, rac-dimethylsilylene-bis[1 •(2-methyl-4-phenylindenyl)1zirconium methylchloride, rac-dimethylsilylene-bis 
[1 -(2-methyl-4-phenylindenyl)]zirconium chlorideS02Me, rac-dimethylsilylene-bis[1 -(2-methyl-4-phenylindenyl)]zirco- 
nium chlorideOS02Me, rac-dimethylsilylene-bis[1-(2-ethyl-4-phenylindenyl)]zirconium dichloride, rac-dlmethytsi- 
lylene-bis[1 -(2-ethyl-4-a-naphtyl)lndenyl]zlrconium dichloride, rac-dimethylsilylene-bls[1 -(2-ethyt-4-(p-naphthyl)inde- 
nyl)jzirconlum dichloride, rac-dimethylsilylene-bis[1 -(2-ethyl-4-(2-methyl-1 -naphthyI)indenyl)]zlrconlum dichloride, 
rac-dimethylsilylene-bis[1 -(2-ethyl-4-(5-acenaphthyl)indenyl)]zirconium dichloride, rac-dimethylsllylene-bis[1 -(2-ethyl- 
4-(9-anthryl)indenyl)]zlrconlum dichloride, rac-dimethylsilylene-bis[1-(2-ethyl-4-(9-phenanthryl)indenyI)]zirconlum 
dichloride, rac-dimethylsilylene-bls[1-(2-ethyl-4-(o-methylphenyl)indenyl)]zirconium dichloride, rac-dimethylsllylene- 
bis[1 -(2-ethyl-4-(m-methylphenyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bls[1 -(2-ethyl-4-(p-methylphenyl) 
tndenyOlzirconium dichloride, rac-dimethylsilylene-bis[1 -(2-ethyl-4-(2.3-dimethylphenyl)indenyl)]zirconium dichloride. 
rac-dimethylsilylene-bis[1-(2-ethyl-4-(2,4-dimethylphenyl)indenyl)lzirconlum dichloride, rac-dlmethylsilylene-bis 
[1 -(2-ethyl-4-(2,6-dlmethylphenyl)indenyl)]zlrconium dichloride, rac-dimethylsilylene-bis[1 -(2-ethyl-4-(2,4,6-trimethyl- 
phenyt)indenyl))zirconium dichloride, rac-dimethylsltylene-bis[1 -(2-ethyl-4-(o-chlorophenyl)lndenyl)Jzirconium dichlo- 
ride, rac-dimethylsilylene-bis[1 -(2-ethyl-4-(m-chlorophenyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis 
[1 -(2-ethyl-4-(p-chlorophenyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-ethyl-4-(2.3-dichlorophenyl) 
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indenyl)]2irconiLim dichloride, rac-dimethylsilylene-bis[1 -(2-ethyl-4-(2,6-dichlorophenyl)lndenyl)l2irconium dichloride, 
rac-dimethylsilylene-bls[1-(2-ethyl-4-(3,5-dichlorophenyl)lndenyl)]zirconiunri dichloride, rac-dimethylsilylene-bis 
[1-(2-ethyl-4-(2-bromophenyl)indenyl))zlrconium dichloride, rac-dimethylsilylene-bis[1-(2-ethyl-4-(3-bromophenyl)ln- 
denyl)]2irconlum dichloride, rac-dimethylsilyIene-bls[1-(2-ethyl-4-(4-bromophenyl)indenyl)]zirconium dichloride, rac- 
dimethylsllylene-bls[1-(2-ethyl-4-(4-biphenylyl)indenyI)]zlrconium dichloride, rac-dimethylsilylene-bis[1-(2-ethyl- 
4-(4-trimethylsilylphenyl)indenyl)j2irconium dichloride, rac-dimethylsilylene-bls[1-(2-n-propyI-4-phenylindenyl)]2irco- 
nium dichloride. rac-dimethylsilylene-bis[1-(2-ni3ropyl-4-(a-naphthyl)lndenyl)Jzlrconium dichloride, rac-dimethylsi- 
lylene-bis[1 -(2-n-propyl-4-0-naphthyl)indenyl)]2irconium dichloride, rac-dimethylsilylene-bis[1 -(2-n-propyl-4-(2-me- 
thyl-1 -naphthyl)indenyl)l2irconium dichloride, rac-dimethylsilylene-bis[1 -(2-n-propyl-4-(5-acenaphthyl)indenyl)]2ircd- 
nium dichloride, rac-dimethylsilylene-bis[1-(2-n-propyl-4-(9-anthryl)indenyf)]2irconium dichloride, rac-dimethylsllylene- 
bisl1 -(2-n-propyl-4-(9-phenanthryl)indenyl)l2irconlum dichloride, rac-dimethylsilylene-bis[1 -(2-i-propyl-4-phenylinde- 
nyl)]2irconium dichloride, rac-dlmethylsllylene-bis[1-(2-i-propyl-4-(a-naphthyl)lndenyl)]2lrconium dichloride, rac- 
dimethylsilylene-bls[1 -(2-l-propyl-4-(p-naphthyl)indenyl)]zlrconlum dichloride, rac-dimethylsi!ylene-bis[1 -(2-l-propyl- 
4-(8-methyl-9-naphthyl)lndenyl)]zlrconium dichloride, rac-dimethylsilylene-bis[1 -{2H-propyl-4-(5-acenaphthyl)inde- 
nyl)l2jrconium dichloride, rac-dimethylsllylene-bis[1-(2-l-propyl-4-(9-anthryl)indenyl)]zlrconium dichloride, rac-dimeth- 
ylsilylene-bis[1 -(2-i-propyl-4-(9-phenanthryl)indenyl))2irconium dichloride, rac-dimethylsilylene-bis[1 -{2-s-butyl-4-phe- 
nylindenyl)]2irconium dichloride, rac-dimethylsilylene-bis[1 -(2-s-butyl-4-{a-naphthyl)indenyl)]zlrconium dichloride. rac- 
dimethylsilylene-bis[1-(2-s-butyl-4-0-naphthyl)indenyl)]2irconium dichloride, rac-dimethylsi!ylene-bis[1-(2-s-butyl- 
4-(2-melhyl-1 -naphthyl)indenyl)]2irconium dichloride, rac-dimethylsilylene-bis[1 -(2-s-butyl-4-(5-acenaphthyl)indenyl)] 
zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-s-butyl-4-(9-anlhryl)lndenyl)]2lrconium dichloride, rac-dimethylsi- 
lylene-bis[1-(2-s-butyM-(9-phenanthryl)indenyl)]2irconium dichloride. rac-dimethylsilylene-bls[1-(2-n-pentyl-4-phe- 
nylindenyOJzirconium dichloride, rac-dimethylsilylene-bis[1 -(2-n-pentyl-4-(a-naphthyl)indenyl)]zlrconlum dichloride. 
rac-dimethylsllylene-bis[1 -(2-n-butyl-4-phenylindenyl)]zirconium dichloride, rac-dimethylsilylene-bls[1 -(2-n-butyl-4-(a- 
naphthyl)indenyl)]zlrconium dichloride, rac-dimethylsilylene-bis[1 -{2-n-butyl-4-(p-naphthyl)lndenyl)]zirconium dichlo- 
ride. rac-dimethylsilylene-bls[1 -(2-n-butyl-4-(2-methyl-1 -naphthyl)indenyt)]2irconium dichloride, rac-dimethylsilylene- 
bis[1 -(2-n-butyl-4-(5-acenaphthyl)lndenyl)]2irconium dichloride, rac-dimethylsilylene-bis[1 -(2-n-butyl-4-{9-anthryl)in- 
denyl)l2irconium dichloride, rac-dimethylsilylene-bis[1-{2-n-butyl-4-(9-phenanthryl)indenyl)]2irconium dichloride, rac- 
drmethylsilylene-bls[1-(2-i-butyl-4-phenylindenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1-(2-i-butyl-4-(a- 
naphthyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-i-butyl-4-(P-naphthyl)indenyl)]2irconium dichlo- 
ride. rac-dinnethylsilylene-bis[1 -(2-l-butyl-4-(2-methyl-1 -naphthyl)jndenyl)]zirconlum dichloride. rac-dimethylsilylene- 
bis[1 -(2-i-butyl-4-(5-acenaphthyl)lndenyl)lzirconium dichloride. rac-dimethylsilylene-bis[1 -(2-i-butyl-4-(9-anthryl)inde- 
nyl)]2irconium dichloride, rac-dimethylsilylene-bis[1-(2-i-butyl-4-(9-phenanthryl)lndenyl)]2irconium dichloride, rac- 
dimethylsilylene-bis[1 ■(2-neopentyl-4-phenylindenyl)]zlrconium dichloride, rac-dimethylsilylene-bis[1 -(2-neopentyl- 
4-(a-naphthyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-n-hexyl-4-phenylindenyl)]zirconium dichlo- 
ride. rac-dlmethylsiiylene-bis[1 -(2-n-hexyl-4-(a-naphthyl)indenyl)]2irconium dichloride, rac-methylphenylsilylene-bis 
[1 -(2-ethyl-4-phenylindenyl)]2irconium dichloride, rac-methylphenylsi!ylene-bls[1 -(2-ethyl-4-(a-naphthyl)indenyl)]zir- 
conium dichloride, rac-methylphenylsllylene-bis[1-{2-ethyl-4-(9-anthryl)indenyl))2irconium dichloride, rac-methylphe- 
nylslly!ene-bis[1-(2-ethyl-4-(9-phenanthryl)indenyl)lzirconlum dichloride, rac-methylphenylsilylene-bis[1-(2-ethyl- 
4-phenyHndenyl)]2irconlum dichloride, rac-diphenylsilylene-bis[1 -(2-ethyl-4-{a-naphthyl)indenyl))zirconium dichloride. 
rac-diphenylsilylene-bis[1 -(2-ethyI-4-(9-anthryl)indeny))]zirconium dichloride, rac-diphenylsilylene-bls[1 -(2-ethyl- 
4-(9-phenanthryl)indenyl)]zlrconium dichloride, rac-diphenylsilylene-bis[1-{2-ethyl-4-(4-biphenylyl)indenyl)]2irconium 
dichloride. rac-methylene-bis[1 -(2-ethyl-4-(4-phenylindenyl))zirconium dichloride, rac-methylene-bis[1 -(2-ethyl-4-{a- 
naphthyl)indenyl)]2irconium dichloride, rac-ethylene-bis[1-(2-ethyl-4-phenylindenyl)]zirconium dichloride, rac-ethyl- 
ene-bis[1 -(2-ethyl-4-(a-naphthyl)indenyl)]zirconium dichloride, rac-ethylene-bis[1 -(2-n-propyl-4-(a-naphthyl)lndenyl)] 
zirconium dichloride, rac-dimethylgermyl-bis[1-{2-ethyl-4-phenylindenyl)]zirconium dichloride, rac-dimethylgermyl-bis 
[1 -(2-ethyl-4-(a-naphthyl)indenyl)]zirconium dichloride and rac-dimethylgermyl-bis[1 -(2-n-propyl-4-phenylindenyl)]zir- 
conium dichloride. 

[0233] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0234] In the present invention, a racemic modification of the transition metal compound represented by the formula 
(11a) is usually used as a catalyst component, but R-fomn or S-form is also employable. 

[0235] The transition metal compound represented by the formula (11a) can be prepared in accordance with the 
specification and examples of European Patent A No. 0,320.762 described in Journal of Organometallic Chem., 288, 
pp. 63-67(1985). 

[0236] Next, the transition metal compound represented by the formula (lib) is described. 
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. . . (lib) 



[0237] In the above formula, is a transition nnetal atom of Group 4 of the periodic table, specifically titaniunn, 
zirconium or hafnium, preferably zirconium. 

[0238] and R^^ may be the same or different and are each a hydrogen atom or the same nitrogen-containing 
group, phosphorus-containing group, hydrocarbon group of 1 to 20 carbon atoms, halogenated hydrocarbon group of 
1 to 20 carbon atoms, oxygen-containing group, sulfur-containing group, silicon-containing group or halogen atom as 
described above with respect to R25, r26^ r27 and R28 in the fonnula (11). 

[0239] Is preferably a hydrocarbon group of 1 to 20 carbon atoms, particularly preferably a hydrocarbon group 
of 1 to 3 carbon atoms such as methyl, ethyl or propyl. Is preferably a hydrogen atom or a hydrocarbon group of 
1 to 20 carbon atoms, particularly preferably a hydrogen atom or a hydrocarbon group of 1 to 3 carbon atoms such as 
methyl, ethyl or propyl. 

[0240] R39 and R*o may be the same or different and are each an alkyi group of 1 to 20 carbon atoms. Examples of 
such alkyI groups include straight-chain or branched alkyI groups, such as methyl, ethyl, n-propyl isopropyl n-butyl, 
isobutyl. sec-butyl, tert-butyl, n-pentyl, neopentyl,, n-hexyl, cyclohexyl, octyl, nonyl, dodecyl and eicosyl; and cycloalkyi 
groups, such as norbomyl and adamantyl. 
[0241 ] R39 is preferably a secondary or tertiary alkyI group. 

[0242] and X2 may be the same or different and have the same meanings as those of and X^ in the fonmula (11). 
[0243] has the same meaning as that of in the formula (11 ). 

[0244] Examples of the transition metal compounds represented by the formula (lib) include rac-dimethylsilylene- 
bis[1 -(2,7-dimethyl-4-elhylindenyl)]zlrconium dichloride, rac-dimethylsilylene-bls[1 -(2,7-dimethyl-4-n-propylindenyl)] 
zirconium dichloride, rac-dimethylsilylene-bisri-(2,7-dimethyl-4-i-propylindenyl)]zirconium dichloride, rac-dimethylsi- 
lylene-bis[1 -(2,7-dimethyl-4-n-butylindenyl)]zircon(um dichloride, rac-dimethylsilylene-bis[1 -(2,7-dimethyl-4-sec-butyl- 
indenyl)]zirconium dichloride, rac-dimethylsiIylene-bis[1-(2,7-dimethyl-4-t-butylindenyl)]2irconium dichloride, rac- 
dimethylsilylene-bls[1 -(2,7-dimethyl-4-n-penlylindenyl)]2ircontum dichloride, rac-dimethylsilylene-bls[1 -(2,7-dimethyl- 
4-n-hexylindenyl)]zirconlum dichloride, rac-dimethytsilylene-bis[1-(2,7-dlmethyl-4-cyclohexylindenyl)]zirconium 
dichloride, rac-dimethylsi!ylene-bis[1 -(2,7-dimethyt-4-methylcyclohexylindenyl)]zirconium dichloride, rac-dlmethylsl- 
lylene-bis[1 -(2,7-dimethyl-4-phenylethylindenyl)]zlrconium dichloride, rac-dlmethylsllylene-bis[1 -(2,7-dimethyl-4-phe- 
nyldichloromethyllndenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2,7-dimethyl-4-chloromethylindenyl)]zirco- 
nium dichloride, rac-dimethylsilylene-bis[1-(2,7-dimethyl-4-trimethylsilylmethylindenyl)]zirconium dichloride, rac- 
dlmethylsilylene-bis[1-(2,7-dimethyl-4-trimethylsiloxymethylindenyl)]zirconium dichloride, rac-diethylsilylene-bis 
[1 -(2,7-dimethyl-4-i-propyIindenyl)jzirconium dichloride, rac-di(i-propyl)silylene-bis[1 -(2,7-dimethyl-4-i-propylindenyl)) 
zirconium dichloride, rac-di(n-butyl)silylene-bis[1-(2,7-dimethyl-4-i-propylindenyl)]zirconium dichloride, rac-di(cy- 
clohexyl)silyIene-bis[1 -(2,7-dimethyl-4-i-propylindenyl)lzirconiumdichloride,rac-methylphenylslly!ene-bis[1-(2,7-dime- 
thyl-4-i-propylindenyl)]zirconlum dichloride, rac-methy!phenylsilylene-bis[1-(2,7-dimethyl-4-t-butylindenyl)]zirconium 
dichloride, rac-diphenylsilylene-bis(1 -(2,7-dimethyl-4-t-butylindenyl)]zirconium dichloride, rac-diphenylsilylene-bis 
(1 -(2,7-dlmethyl-4-i-propylindenyl)]zlrconium dichloride, rac-diphenylsllylene-bis[1 -(2,7-dimethyl-4-ethylindenyl)lzirco- 
nium dichloride, rac-di(p-tolyl)silylene-bis[1 -(2,7-dimethyl-4-i-propylindenyl)]zirconium dichloride, rac-di(p-chlorophe- 
nyl)silylene-bls[1 -(2,7-dimethy}-4-i-propylindenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2-methyl-4-i-pro- 
pyl-7-ethyllndenyl)]zlrconium dibromide, rac-dimethylsilylene-bis[1 -(2,3,7-trimethyl-4-ethylindenyl)]zirconium dichlo- 
ride, rac-dimethylsilylene-bis[1 -(2,3,7-trimethyl-4-n-propylindenyl)]zirconium dichloride, rac-dimethylsilylene-bis 
[1 -(2.3,7-lrimethyl-4-i-propylindenyl)]zirconium dichloride, rac-dimethylsilylene-bis[1 -(2,3,7-trimethyl-4-n-butylinde- 
nyl)]zirconium dichloride, rac-dimelhylsilylene-bis[1-(2,3,7-trimethyl-4-sec-butylindenyl)l2irconium dichloride, rac- 
dimethylsilylene-bis[1 -{2,3,7-trimethyl-4-t-butylindenyl)]zirconium dichloride, rac-dimelhylsilylene-bls[1 -(2,3,7-trlme- 
thyl-4-n-pentylindenyl)l2irconium dichloride, rac-dimethylsilylene-bis[1-(2,3,7-trimethyl-4-n-hexylindenyl))zirconium 
dichloride, rac-dimethylsilylene-bis[1 -(2,3,7-trimethyl-4-cyclohexylindenyl)]zirconium dichloride, rac-dimethylsilylene- 
bis[1 -(2,3,7-trimethyl-4-methylcyclohexylindenyl)]zlrconlum dichloride, rac-dimethylsilylene-bis[1 -(2,3,7-trimethyt- 
4-trimethylsilylmethylindenyl)Jzirconium dichloride, rac-dimethylsilylene-bis[1-(2,3,7-lrimethyl-4-trimethylsiloxlymeth- 
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ylindenyOJzirconium dichloride, rac-dimethylsilylene-bls[1 -(2,3,7-trimethyl-4-phenylethylmdenyl))zirconium dichloride. 
rac-dimethytsilylene-bis[1-(2,37-trimethyl-4-phenyldichloromethylindenyt)]zirconium dichloride, rac-dimethylsilyiene- 
bls[1 -(2,3,7-trimethyl-4-chloromethyllndenyl)l2irconjum dichloride, rac-diethylsilylene-bis[1 -(2,3.7-trimethyl-4-l-propy}- 
indenyl)]zirconlum dichloride, rac-di(i-propyl)silylene-bis[1 -(2,3.7>trinnethyI-4-i-propylindenyl)]zlrconium dichloride, 
rac-di(n-butyI)silylene-bis[1-(2.3,7-trimethyl-4-i-propyljndenyl)]zirconium dichloride, rac-di(cyclohexyl)silylene-bis 
[1 -(2,3,7-trimethyl-4-l-propylindenyl)l2lrconium dichloride. rac-methylphenylsilylene-bis[1 -{2,3,7-trimethyl-4-i-propylin- 
denyl)]zlrconlum dichloride, rac-methylphenylsliylene-bis[1-(2,3,7-trinriethyl-4-t-butylindenyi)]zirconium dichloride, rac- 
diphenylsilylene-bis[1 -(2,37-trimethyl-4-t-butylindenyl)]zirconlum dichloride, rac-dlphenylsllylene-bis[1 -(2,3,7-trime- 
thyl-4-i-propylindenyl)]zlrconium dichloride, rac-diphenylsilylene-bis[1-(2,3,7-trimethyl-4-ethylindenyl)]zirconium 
dichloride, rac*dl(p-tolyl)sllylene-bis[1 -(2,3,7-trimethyl-4-i-propylindenyl))2irconium dichloride. rac-di(p-chlorophenyl) 
silylene-bis(1 -(2:3,7-trimethyl-4-i-propy!indenyl)]ztrconium dichloride, rac-dimethylsilylene-bis[1 -(2-methyl-4-i-propyl- 
7-methylindenyl)jzlrconium dimethyl, rac-dimethylsilylene-bis[1-(2-methyl-4-l-propyl-7-methylindenyl)]zirconium 
methylchloride, rac-dimethylsilylene-bis[1-(2-methyl-4-i-propy)-7-methylindenyl))2irconium-bis(methanesulfonat^^ 
rac-dimethylsitylene-bis[1-(2-methyl-4-l-propyl-7-methylindenyi)]zirconlum-bjs(p-phenylsulfinate^ rac-dimethylsi- 
lylene-bis[1 -{2-methyl-3-methyl-4-l-propyl-7-nnethylindenyl)]zirconium dichloride, rac-dlmethy!silylene-bls[1 -(2-me- 
thyl-4,6-di-i-propyllndenyl)]zirconlum dichloride, rac-dimethylsllylene-bis[1-(2-ethyl-4-l-propyl-7-methylindenyl)]zirco- 
nlum dichloride, rac-dimethylsilylene-bis[1-(2-phenyl-4-i-propyl-7-methylindenyl)lzirconium dichloride, rac-dimethylsi- 
lylene-bis[1 -(2-methylindenyl)]zirconium dichloride. rac-ethylene-bis[1 -(2,4,7-trimethylindenyl)l2irconium dichloride 
and rac-isopropylidene-bis[1 -(2,4,7-trimethylindenyl))zirconium dichloride. 

[0245] Also available are compounds wherein zirconium is replaced with titanium or hafnium In the above-mentioned 
compounds. 

[0246] Of the above compounds, particulariy preferable are compounds having a branched alkyi group, such as i- 
propyl, sec-butyl or tert-butyl, at the 4-positton. 

[0247] In the present invention, a racemic modification of the transition metal compound represented by the formula 
(11b) is usually used as a catalyst component, but R-fomn or S-form is also employable. 

[0248] The transition metal compound represented by the formula (1 1 b) can be synthesized from an indene derivative 
by a known process, for example, a process described In Japanese Patent Laid-Open Publication No. 268307/1 992. 
[0249] Next, the transition metal compound represented by the fonDula (12) is described. 



[0250] In the above fomiula, MMs a transition metal atom selected from Group 3 to Group 1 0 of the periodic table, 
preferably a transition metal atom selected from Group 4 of the periodic table, more preferably zirconium, titanium or 
hafnium, particularly preferably zirconium. 

[0251] Cp is a cyclopentadienyl group or its derivative that is ii-bonded to 

[0252] is a ligand containing an oxygen atom, a sulfur atom, a boron atom or an element of Group 14 of the 
periodic table, for example, -SICRSSg)-, -CCRSSg)-, .s\{R^2)^^(^^2)'> '0{H^^2)^{H^2)-* -C(R222)C(R222)C(R222)., -C 
(R22)=C(R22)-, -C(R222)Si(R222)-or -Ge(R222).. 

[0253] is a ligand containing a nitrogen atom, a phosphorus atom, an oxygen atom or a sulfur atom, for example, 
♦N(R23)., -0-. -S- or -P(R23)-. 

[0254] and may together form a condensed ring, 

[0255] R22 is a hydrogen atom, an alkyI, aryl, silyl, halogenated alkyl or halogenated aryl group having up to 20 of 
non-hydrogen atoms, or a combination of such groups. R23 Is an alkyl group of 1 to 10 carbon atoms, an aryt group of 
6 to 10 carbon atom or an aralkyi group of 7 to 10 cartDon atoms, or may form a condensed ring of up to 30 non- 
hydrogen atoms together with one or more R22. 

[0256] Each may be the same or different and is a hydrogen atom, a halogen atom, a hydrocarbon group whk;h 
has 20 or less carbon atoms and may contain 1 or more double bonds, a silyl group containing 20 or less silk:on atoms, 
a germyl group containing 20 or less germanium atoms or a boronyl group containing 20 or less boron atoms. 
[0257] Examples of the transition metal compounds represented by the fomiula (12) include (tert-butylamtde)(te- 
tramethyl-Ti5-cyclopentadienyl)-1,2-ethanediylzirconium dichloride, (tert-butylamide)(tetramethyl-T^S-cyclopentadi- 
enyl)-1 ,2-ethanediyltitanium dichloride, (methylamide)(tetramethyl-Ti5-cyclopentadienyl)-1 ,2-ethanediylzirconlum 
dichloride, (methylamide)(tetramethyl-Ti5H:yclopentadlenyl)-1 ,2-ethanediyltlnanium dtehloride, (ethylamide)(tetrame- 




. . . (12) 
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thyl-Ti5^clopentadlenyl)methylenetitanium dichloride. {tert-butylamide)dimethyl(tetramethy(-Ti5.cydopentadienyl)sl- 
lanetitanium dichloride. (tert-butylamide)dimethyl(tetramethyl-Ti5-cyclopentadienyl)sllanezirconium dichloride, (benzy- 
lamide)dlmethyl(tetramethyI-"n5-cyclopentadienyl)silanetltanium dichloride and (phenylphosphlde)dlmethyl(tetrame- 
thyl-Ti5-cyclopentadienyl)silanezirconium dibenzyl. 

[0258] Next, the transition metal compound represented by the fonmula (13) is described. 




. . . (13) 



[0259] In the above formula, M'' is a transition metal atom selected from Group 3 to Group 10 of the periodic table, 
preferably a transition metal atom selected from Group 4 of the periodic table, more preferably titanium, zirconium or 
hafnium, particularly preferably zirconium. 

[0260] Rii to R^*, to R20, and R^^ may be the same or different and are each a hydrocarbon group of 1 to 40 
carbon atoms, a halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-con- 
taining group, a silicon-containing group, a halogen atom or a hydrogen atom; of the groups indicated by R^^ R^^, R13, 
R""^, R^^, Ris, R^®, R20 and R*\ a part of the groups neighboring with each other may be bonded to form a ring together 
with carbon atoms to which those groups are bonded (except a case where all of R'*\ R^2 ri3 r14 r17 r18 f^i9 
R20 and R^^ are hydrogen atoms and a case where Ri2 or R^3 js a tert-butyl group and the residual R^^ , R^^, R^^, Ri* 
R17, Ri8^ Ri9^ R20 and R*i are hydrogen atoms). 
[0261] Examples of hydrocarbons of 1 to 40 carbon atoms are 

alkyi groups of 1 to 20 carbon atoms such as methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl 
and eicosyi; 

aryl groups of 6 to 20 carbon atoms such as phenyl, a- or p-naphthyl, biphenylyl, anthryl and phenanthryl; 

aryl alkyI groups of 7 to 40 carbon atoms such as benzyl, phenylethyl, phenylpropyl, phenanthrylmethyl. phenan- 

thrylethyl and phenanthrylpropyl; 

aryl alkenyl groups of 8 to 40 carbon atoms such as vinylphenanthryl; 

alkyI aryl groups of 7 to 40 carbon atoms such as methylphenanthryl, ethylphenanthryl and propylphenanthryl; and 
alkenyl groups of 2 to 10 carbon atoms such as vinyl, propenyl and cyclohexenyt. 

[0262] Examples of the halogenated hydrocarbon groups of 1 to 40 carbon atoms include groups wherein the above- 
mentioned hydrocarbon groups of 1 to 40 cartaon atoms are substituted with halogens. 

[0263] Examples of the oxygen-containing groups, the sulfur-containing groups, the silicon-containing groups and 
the halogen atoms include the same groups and atoms as previousty described with respect to R^^, R^, R^^ and R^^ 
in the fonnula (11). 

[0264] and may be the same or different and have the same meanings as those of X^ and X^ in the fonnula (11). 
[0265] has the same meaning as that of in the fonnula (11). 

[0266] Examples of the transition metal compounds represented by the formula (13) include isopropylidene-(cy- 
clopentadienyi)(fluorenyl)zirconlum dichloride, dimethylsilylene-(3-tert-butylcyclopentadienyl)(fluorenyl)zirconium 
dichloride, isopropylidene-(3-tert-butyIcyclopentadienyl)(fluorenyl)zirconjum dichloride, isopropylidene-(cyclopentadl- 
enyl)(2,7-tert-butylfluorenyl)zirconium dichloride, dlmethylsilylene-(2-methyl-cyclopentadienyl)(2,7-tert-butylfluorenyl) 
zirconium dichloride, dimethylsilylene-(2-methylcyclopentadienyl)(fluorenyl)zlrconium dichloride, dlmethylsilylene-(cy- 
clopentadienyl)(2,7-tert-butylfluorenyl)zirconium drchloride, isopropylidene-(2-methyl-cyclopentadienyl)(2,7-terl- 
butylfluorenyl)zirconium dichloride. isopropylidene-(2-methyi-cyclopentadienyl)(3,6-tert-butylfluorenyl)zirconium 
dichloride, dimethylsily!ene-(2-methyl-cyclopentadienyl)(3,6-tert-butylfluorenyl)zirconium dichloride and diphenyl- 
methylene(cyclopentadienyl)(fluorenyl)zirconium dichloride. 

[0267] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0268] Next, the transition metal compound represented by the formula (14) is described. 
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. . . (14) 



[0269] In the above formula. is a transition metal atonn selected from Group 3 to Group 10 of the periodic table, 
preferably a transition metal atom selected from Group 4 of the periodic table, more preferably titanium, zirconium or 
hafnium, particularly preferably zirconium. 

[0270] R^2^ R41 and R^ may be the same or different and are each a hydrocarbon group of 1 to 40 carbon 
atoms, a halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing 
group, a silicon-containing group, a halogen atom or a hydrogen atom. 

[0271 ] Examples of the hydrocarbon groups of 1 to 40 carbon atoms include the same groups as previously described 
with respect to R11 to R^^, Ri7 to R20 and R^1 in the formula (13), 

[0272] Examples of the oxygen-containing groups, the sulfur-containing group, the silicon-containing groups and the 
halogen atoms include the same groups and atoms as previously described with respect to R25, r26 r27 and R28 in 
the fomnula (11). Of the groups indicated by R^^ R^2 r41 r42^ a part of the groups neighboring with each other 
may be bonded to form a ring together with carbon atoms to which those groups are bonded. Of the groups indicated 
by R^\ R^2 R41 and R^^^ a part of the groups neighboring with each other may be bonded to fonm a ring together with 
carbon atoms to which those groups are bonded. 

[0273] X\and may be the same or different and have the same meanings as those of and X^ in the formula (11). 
[0274] Yi has the same meaning as that of in the formula (11 ), but when all of R^\ R12, R4i and R*2 are hydrogen 
atoms, is not ethylene. 

[0275] Examples of the transition metal compounds represented by the formula (14) include Ethylene[2-methyl-4 
(9-phenanthryl)-1-indenyl](9-fluorenyI)2irconium dichloride, Ethylene[2-methyl-4(9-phenanthryl)-1-indenyl](2,7-dlme- 
thyl-9-fluorenyl)2irconium dichloride, Ethylene[2-methyl-4(9-phenanthryl)-1-indenyl](2,7-di-t-butyl-9-f!uorenyl)2irconi- 
um dichloride, ethylene(2-methyl-4,5-benzo-1-indenyl)(9-fluorenyl)2irconium dichloride, ethylene(2-methyl-4,5-benzo- 
1 -indenyl)(2,7-dimethyl-9-fluorenyl)2irconium dichloride, ethylene(2-methyl-4,5-ben2o-1 -indenyl)(2,7-di-t-butyl-9-flu- 
orenyl)2irconium dichloride, ethylene(2-methyl-4,5-ben20-1 -indenyl)(27-dibromo-9-fluorenyl)2irconium dichloride, 
ethylene(2,6-dlmethyl-4,5-ben20-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconlum dichloride. ethylene(2,6-dimethyl- 
4,5-benzo-1 -indenyl)(2.7-dibromo-9-f luoreny l)2irconium dichloride, ethylene(2-methyl-a-acenaphtho- 1 -jndenyl)(9-f lu- 
orenyl)2irconlum dichloride, ethylene(2-methyl-a-acenaphtho-1 -indenyl)(2,7-dimethyl-9-ftuorenyl)2irconium dichlo- 
ride, ethylene(2-methyl-a-acenaphtho-1-indenyl)(2,7-di-t-bulyl-9-fluorenyi)2irconium dichloride, dimethylsilylene 
[2-methyl-4(9-phenanthryl)-1-indenyl](9-fluorenyl)zirconium dichloride, dimethylsilylene[2-n-propyl-4(9-phenanthryl)- 
1 -indenyl](9-fluorenyl)2irconium dichloride. dimethylsilylene[2-methyl-4(9-phenanthryl)-1 -indenyll(2,7-dimethyl-9-flu- 
orenyl)2irconium dichloride, dimethylsilylene[2-methyl-4(9-phenanthryO-1-indenyl](2,7-di-t-butyl-9-fluorenyl)zirconium 
dichloride, dtmethylsilylene(2-methyl-4,5-ben20-1 -indenyl)(9-fluorenyl)zirconium dichloride, dimethylsilytene(2-me- 
thyl-4,5-benzo-1 -indenyl)(2,7-dimethyl-9-f luorenyl)zirconium dichloride, dimethylsilyIene(2-methyl-4,5-benzo-1 -inde- 
nyl) (2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dlmethylsilylene(2-methyl-a-acenaphto-1 -indenyl)(9-f luorenyl)2ir- 
conium dichloride, dimethylsilylene(2-methyl-a-acenaphto-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, 
dimethylsilylene(2-methyl-a-acenaphto-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)2lrconium dichloride. diphenylsilylene 
[2-methyl-4(9-phenanthryl)-1-indenyl](9-fluorenyl)zirconium dichloride, diphenylsilylene[2-methyl-4(9-phenanthryl)- 
1 -indenyl](2,7-dimethyl-9-fluorenyl)2irconium dichloride, diphenylsllylene[2-methyl-4(9-phenanthryl)-1 -indenyl](2,7-di- 
t-butyl-9-fluorenyl)2irconium dichloride, dlphenylsilylene(2-methyl-4.5-ben2o-1 -indenyl)(9-fluorenyl)2irconium dichlo- 
ride, diphenylsilylene(2-methyl-4,5-ben2o-1 -indenyl)(2,7-dimethyl-9-fluorenyl)2irconium dichloride, diphenylsilylene 
(2-methyl-4,5-ben20-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)2irconium dichloride, diphenylsilylene (2-methyl-a- 
acenaphto-1-indenyl) (9-fluorenyl)2irconium dichloride. diphenylsilylene(2-methyl-a-acenaphto-1 -indenyl)(2,7-dime- 
thyl-9-fIuorenyl)2irconium dichloride, diphenylsilylene(2-methyl-a-acenaphto-1 -indenyl) (2,7-di-t-butyl-9-fluorenyl)2ir- 
conium dichloride, melhylphenylsilylene[2-methyl-4(9-phenanthryl)-1-indenyll(9-fluorenyl)2irconium dichloride, meth- 
ylphenylsilyiene[2-methyl'4(9-phenanthryl)-1-indenyl](2,7-dimethyl-9-fluorenyl)2irconium dichloride, methylphenylsi- 
lylene[2-methyl-4(9-phenanthryl)-1-lndenyl](2,7-dl-t-butyl-9-fluorenyl)zirconlum dichloride, methylphenylsilylene 
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(2-nnethyl-4,5-benzo-1 -indenyl)(9-fluorenyl)zirconlum dichlorlde, methylphenylsilylene(2-methyl-4,5-benzo-1 -indenyl) 
(2,7-dimethyl-9-fluorenyl)zlrconium dichloride, methylphenylsilylene(2-methyt-4,5-benzo-1-indenyl)(2,7-di-t-butyl- 
9-f luorenyl) zirconium dichloride, methylphenylsilylene(2-methyl-<x-acenaphto-1 -indenyl)(9-f luorenyl)zirconium dichlo- 
ride, methytphenylsilylene(2-nnethyl-a-acenaphto-1 -indenyl)(2,7-dimethyl-9-fluorenyl)2irconlum dichloride. methyl- 
phenylsilylene(2-methyl-a-acenaphto-1-indenyl)(2,7-dl-t-butyl-9-fluorenyl)2irconlum dichloride, ethylene[3-methyl-4 
{9-phenanthryl)-1 -indenyl](9-f luorenyl)2irconium dichloride, ethylene[3-methyl-4(9-phenanthryl)-1 -!ndenyl](2,7-dlme- 
thyl-9-fluorenyl)zirconium dichloride, ethylene[3-methyl-4(9-phenanthryl)-1-indenyl](2,7-di-t-butyl-9-fluorenyl)zirconi- 
um dichloride, ethylene(3-methyl-4,5-benzo-1-indenyl){9-fluorenyl)zirconlum dichloride, ethylene(3-methyl-4,5-benzo- 
1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, elhylene(3-niethyl-4,5-ben2o-1 -indenyl)(2,7-di-t-butyl-9-flu- 
orenyl)zirconium dichloride, ethylene(3-methyl-a-acenaphto-1-indenyl) (9-fluorenyl)zirconium dichloride, ethylene 
(3-methyl-a-acenaphto-1 -indenyl) (2,7-dimethyl-9-fluorenyl)zirconium dichloride, ethylene(3-methyl-a-acenaphto- 
1 -lndenyl)(2,7-di-t-butyl-9-fluorenyl)2irconium dichloride, dimethylsilylene[3-methyl-4(9-phenanthryl)-1 -indenylj (9-f lu- 
orenyOzlrconlum dichloride. dimethylsilylene[3-methyl-4{9-phenanthryl)-1-indenyll(2,7-dinnethyl-9-fluorenyl)2irconium 
dichloride, dlmethylsilylene[3-methyl-4(9-phenanthryl)-lHndenyl]{2,7-di-t-butyl-9-fluorenyl)z}rconium dichloride. 
dimethylsilylene(3-methyl-4,5-benzo-1-lndenyl)(9-fluorenyl)zirconium dichloride, dimethylsi}ylene(3-methyl-4,5-ben- 
20-1 -lndenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, dinnethylsilylene(3-methyl-4,5-benzo-1 -indenyl){2.7-di-t- 
butyl-9-fluorenyl)2irconium dichloride, dimethylsilylene(3-methyI-a-acenaphto-1 -indenyl)(9-fluorenyl)2irconlum dichlo- 
ride, dimethylsilylene(3-methyl-a-acenaphto-l -indenyt)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, dimethylsi- 
lylene(3-methyl-a-acenaphto-1-lndenyl)(27-di-t-butyl-9-fluorenyl)2irconium dichloride, diphenylsilylene[3-methyl-4 
(9-phenanthryl)-1 -indenyl](9-fluorenyl)2irconium dichloride, diphenylsilylene[3-nnethyl-4(9-phenanthryl)*1 -indenyl] 
(2,7-dimethyl-9-fluorenyl)2lrconium dichloride, diphenylsitylene[3-methyl-4(9-phenanthryl)-1-indenyl](2,7-di-t-butyl- 
9-fluorenyI)zirconium dichloride, diphenylsllylene(3-methyl-4,5-benzo-1-indenyl)(9-fluorenyl)zlrconium dichloride. 
diphenylsllylene(3-rnethyl-4,5-benzo-1-indenyl)(2,7-dimethyl-9-fluorenyl)zirconlunri dichloride, dlphenytsilylene(3-me- 
thyl-4,5-benzo-1 -indenyl)(27-cli-t-butyl-9'fluorenyl)zirconium dichloride, diphenylsilylene(3-methyl-a-acenaphto-1 -in- 
denyl)(9-fluorenyl)zirconium dichloride. diphenylsiiylene(3-methyl-a-acenaphto-1-indenyl)(2,7-dlmethyl-9-fluoreny!) 
zirconium dichloride, diphenylsilylene(3-methyl-a-acenaphto-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, 
methylphenylsilylene[3-methy}-4(9-phenanthryl)-1-indenyl](9-fluorenyl)zirconium dichloride, methylphenylsilylene 
[3-methyl-4(9-phenanthryl)-1-indenyl](2,7-dlmethyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene[3-methyl-4 
(9-phenanthryl)-1-indenyl]{2,7-di-t-butyl-9-fluorenyl)2irconium dichloride, methylphenylsilylene(3-methyl-4,5-ben2o- 
1 -indenyl)(9-fluorenyl)2irconium dichloride, methylphenylsilylene(3-methyt-4.5*ben2o-1 -indenyl)(2.7-dimethyl-9-flu- 
orenyl)zirconium dichloride, methylphenylsilylene(3-methyl-4,5-benzo-1 -indenyl)(2,7-di-t-butyl-9-nuorenyl) zirconium 
dichloride, methy!phenylsilylene(3-methyl-a-acenaphto-1 -indenyl) (9-fluorenyl)zirconium dichloride, methylphenylsi- 
lylene (3-methyl-a-acenaphto-1 -indenyl) (2.7-dimethyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene (3-me- 
thyl-a-acenaphto-1 -indenyl) (27-di-t-butyl-9-fluorenyl)zirconium dichloride, ethylene(2-methyl-4,5-benzo-1 -indenyl) 
(2,7-dltrimethylsilyl-9-fluorenyl)zirconlum dichloride, ethylene(2,6-dimethyl-4,5-benzo-l-indenyl)(2.7-dl-t-butyl-9-flu- 
orenyl) zirconium dichloride, ethylene(2,7-dimethyl-4,5-ben2o-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichlo- 
ride, ethylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1 -indenyl) (2,7-di-t-butyl-9-fluorenyl)2irconium dichloride, dimethyls- 
llylene(2-methyl-4,5-benzo-1-indenyl)(2,7-ditrimethylsilyl-9-fluorenyl)zirconlum dichloride, dimethylsilylene(2-methyl- 
4,5-benzo-1-indenyl)(2.7-dt-t-butyl-9-fluorenyl)zirconium-bis(methanesulfonate), dlmethylsilylene(2-methyl-4,5-ben- 
zo-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium-bls(trifluoromethanesulfonate), dimethylsilylene(2,6-dimethyl- 
4,5-ben20-1-indenyl)(2.7-dl(trlmethylsilyl)-9-fluorenyl)2irconium dichloride, dimethylsilylene(2,6-dimethyi-4,5-benzo- 
1-indenyl)(2,7-di(trimethylsilyl)-9-fluorenyl)zirconium-bis(methanesulfonate), dimethylsilylene(2,6-dimethyl-4,5-ben- 
zo-1-indenyl)(2,7-di(trimethylsilyl)-9-ftuorenyl)zirconium-bis(trifluoromethanesulfonate), dimethylsilylene(2,6-dime- 
thyl-4,5-benzo-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride. drmethylsily(ene(2,7-dimethyl-4,5-benzo- 
1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconlum dichloride, dlmethylsllylene(2,7-dlmethyl-4,5-(2-methyl-benzo)-1 -inde- 
nyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1-lndenyl)(2,7-dibromo-9-flu- 
orenyl)zirconium dichloride, dlmethylsilylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7-dibromo-9-fluorenyl)zjrconlum 
dichloride, dimethylsilylene(2-methyl-4,5-benzo-1 -indenyl)(2,7-di-t-butoxy-9-fluorenyl)zjrconium dichloride, dimethyls- 
ilylene(2:6-dimethyl-4,5-benzo-1-indenyl)(2,7-di-t-butoxy-9-fluorenyl)zlrconium dichloride, dlmethylsllylene(2-methyl- 
4,5-benzo-1 -indenyl)(2,7-diphenyt-9-fiuorenyl)zirconjum dichloride, dimethylsltylene(2,6-dimethyl-4,5-benzo-1 -inde- 
"yO(2.7-dlphenyl-9-fluorenyl)zirconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1-indenyl)(2,7-dl-i-propyl- 
9-fluorenyl)zirconium dichlorlde, dimethylsilylene(2,6-dimethyI-4,5-benzo-1-indenyl)(2,7-di-i-propyl-9-fluorenyl)zirco- 
nium dichloride, dimethylsilylene(2,6-dimethyl-4,5-benzo-1 -indenyl)(2,7-dimethyl-9-fluorenyl)zirconium dichloride, 
dimethylsilylene(2,6-dimethyl-4,5-{1 -methyl-benzo)-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, dlmeth- 
ylsilylene(2,7-dimethyl-4,5-(2-methyl-ben2o)-1-indenyl){2,7-di(trimethylsilyl)-9-fluorenyl)zlrconlum dichloride, dimeth- 
ylsilylene(2,7-dlmethyt-4,5-(2-methyl-benzo)-1-jndenyl)(2,7-dibromo-9-fluorenyl)zirconium dichloride, dimethylsi- 
lylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-t-butoxy-9-fluorenyl)zirconium dichloride, dimethylsilylene 
(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-diphenyi-9-fluorenyl)zirconium dichloride, dimethylsilylene 



44 



EP1 186 619 A2 



(2J-dimethyl-4,5-{2-methyl-benzo)-1-indenyl)(2,7-di-i-propyl-9-fluorenyl)2irconium dichloride, dimethylsilylene 
(27-dimethyl-4,5-(2-methyl-ben20)-1-tndenyl)(27-dimethyl-9-fluorenyl)zirconium dichloride, dimethylsilylene 
(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zlrconlum dichloride, dimethylsilylene 
(2,7-dimethyl-4,5-(1 -methyl-ben2o)-1 -indeny!)(2,7-di(trimethyIsilyl)-9-fluorenyl)2irconium dichloride, dimethylsilylene 
(2,7-dimethyl-4,5-(1-methyl-benzo)-1-indenyl)(2,7-dibromo-9-fluorenyl)zirconium dichloride, dimethylsilylene 
(2,7-dimethyl-4,5-(1 -methyl-ben2o)-1 -indenyl)(2,7-di-t-butoxy-9-fluorenyl)zirconium dichloride. dimethylsilylene 
(2,7-dimethyl-4,5-(1 -methyl-benzo)-! -indenyl)(2,7-diphenyl-9-fluorenyl)2irconium dichloride, dimethylsilylene 
(2,7-dimethyl-4,5-(1-methyl-ben2o)-1 -indenyl) (2,7-di-i-propyl-9-fIuorenyl)2irconium dichloride, dimethylsilylene 
(2,7-dimethyl-4,5-(1 -methyl-ben2o)*1 -indenyl)(2,7-dimethyl-9-fluorenyl)2irconium dichloride, dimethylsilylene(2-me- 
thyl-4,6-ben20-1-lndenyl)(2,7-dibromo-9-fluorenyl)2ircontum-bis(methanesulfonate). dimethylsilylene (2, 6-dimethyl - 
4,5-ben2o-lHndenyl)(2.7-dibromo-9-fluorenyl)zirconium-bis(methanesulfonate), dimethylsilylene(2-methyl-4,5-ben- 
zo-1-indenyl)(2,7-di-t-butoxy-9-fluorenyl)zirconium-bis(methanesulfonate). dimethyIsilylene(2,6-dimethyI-4,5-benzo- 
1-indenyl)(2,7-di-t-butoxy-9-fluorenyl)2lrconium-bis(methanesulfonate), dimethylsilylene(2-methyl-4,5-benzo-1-inde- 
nyl)(2,7-diphenyl-9-fIuorenyl)2irconium-bls(methanesulfonate), dlmethylsilylene(2,6-dimethyl-4,5-ben20-1 -indenyl) 
(2,7-diphenyl-9-fluorenyl)2irconium-bis(methanesulfonate), dimethylsilylene(2-methyl-4,5-ben20-1 Hndenyl)(2,7-di-i- 
propyl-9-fluorenyl)2irconium-bis(methanesulfonate), dimethylsllylene(2,6-dimethyl-4,5-ben20-1-indenyl)(2,7-di-i-pro- 
pyl-9-fluorenyl)2irconium-bls(methanesulfonate), dimethylsilylene{2,6-dimethyl-4,5-ben20-1-lndenyl)(2,7-dimethyl- 
9-fluorenyl)2irconium-bis(methanesulfonae), dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di(tri- 
methylsilyl-9-fluorenyl)2irconium-bis(methanesulfonate), dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-inde- 
nyl)(2,7-dibromo-9-fluorenyl)zirconium-bis(methanesulfonate), dlmethylsilylene(2,7-dimethyl-4,5-(2-methyl-ben20)- 
1-indenyl)(2,7-di-t-butoxy-9-fluorenyl)2irconium-bis(methanesulfonate). dimethylsllylene(2,7-dimethyl-4,5-(2-methyl- 
ben2o)-1-indenyl)(2,7-diphenyl-9-fluorenyl)2irconium-bis(methanesulfonate)jdimethylsilylene(2,7-dimethyl-4,5-(2-me- 
thyl-ben2o)-1-indenyl)(2,7-di-i-propyl-9-f!uorenyl)2irconium-bjs(methanesulfonate), dimethylsilylene(2,7-dimethyl- 
4,5-(2-methyl-benzo)-1-indenyl)(2.7-dimethyl-9-fluorenyl)2irconium-bis{methanesulfonate), dimethylsilylene 
(2,7-dimethyl-4,5-(1-methyl-ben20)-1-lndenyl)(2,7-di-t-butyl-9-fluorenyl)zirconium-bis(methanesulfonate), dimethylsi- 
lylene(27-dimethyl-4,5-(1-methyl-ben2o)-1-indenyl)(2,7-dl(trlmethylsilyl)-9-fluorenyl)2irconium-bis(methanesul- 
fonate), dimethylsilylene(2,7-dimethyl-4,5-(1-methyl-ben20)-1-indenyl){2,7-dibromo-9-fluorenyl)zirconium-bis(meth- 
anesulfonate), dimethylsHylene(2,7-dlmethyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-di-t-butoxy-9-fluorenyl)zirconium- 
bis(methanesulfonate), dimethylsilylene(2,7-dimethyl-4,5-{1-methyl-ben2o)-1-indenyl)(2,7-diphenyl-9-fluorenyl)zirco- 
nium-bis(methanesulfonate), dimethylsilylene(2,7-dimethyl-4,5-(1-methyl-ben2o)-1-indenyl)(2,7-di-i-propyl-9-fluore- 
nyl)zirconium-bis{methanesulfonate), dlmethylsilylene(2,7-dimethyl-4,5-(1-methyl-ben2o)-1-indenyl)(2,7-dimethyl- 
9-fluorenyl)2irconium-bis(methanesulfonate), dimethylsilylene(2-methyl-4,5-ben2o-1-indenyl)(2,7-dibromo- 
9-(4,5-methylenephenanthryl))2lrconium dichloride, dimethylsHylene(2.6-dimethyl-4,5-ben2o-1-indenyl)(2,7-dibromo- 
9-(4,5-methylenephenanthryl))2irconium dichloride, dimethylsitylene(2-methyl-4,5-benzo-1-lndenyl)(2,7-di-t-butoxy- 
9-(4,5-methylenephenanthryl))2irconium dichloride, dimethylsilylene(2,6-dimethyM,5-benzo-1-indenyl)(2,7-dl-t-bu- 
toxy-9-(4,5-methylenephenanthryl))2irconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1-indenyl)(2,7-diphe- 
nyl-9-(4.5-methylenephenanthryl))zirconium dichloride, dimethylsllylene(2,6-dimethyM,5-ben20-1 -indenyl) 
(2,7-dlphenyl-9-(4,5-methylenephenanthryl))zirconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1 -Indenyl) 
(2,7-di-i-propyl-9-(4,5-methylenephenanthryl))zirconium dichloride, dimethylsilylene(2,6-dimethyM.5-benzo-1 -inde- 
nyl) (2,7-di-i-propyl-9-(4,5-methylenephenanthryl))2irconium dichloride, dimethylsilylene(2,6-dlmethyl-4,5-benzo-1 -in- 
denyl)(2,7-dimethyl-9-(4.5-methylenephenanthryl))2irconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2-methyl- 
ben2o)-1-indenyl)(2,7-di(trimethylsilyl)-9-(4,5-methylenephenanthryl))2irconium dichloride, dimethylsilylene(2.7-dime- 
thyl-4,5-(2-methyl-ben2o)-1-indenyl)(2,7-dibromo-9-(4,5-methylenephenanthryl))2irconium dichloride, dimethylsi- 
lylene(2,7-dimethyl-4,5-(2-methyl-ben2o)-1-indenyl)(2,7-di-t-butoxy-9-(4,5-methylenephenanthryl))zirconium dichlo- 
ride, dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-ben2o)-1-indenyl)(2,7-diphenyl-9-(4,5-methylenephenanthryl))2irco- 
nium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-ben20)-1-indenyl){27-di-i-propyl-9-(4,5-methylenephen- 
anthryl))2irconiumdichloride,dimethylsilylene(2.7-dimethyM,5-(2-methyl-ben20)-1-indenyl)(2,7-dimethyl-9-{4,5-meth- 
ylenephenanthryl))2irconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-{1 -methyl-ben2o)-1 -indenyl) (2, 7-di-t-butyl- 
9-(4,5-methylenephenanthryl))2irconium dichloride, dimethylsilylene(2,7-dimethyl-4,5-(1 -methyl-ben2o)-1 -indenyl) 
(2, 7-di-trimethylsilyl)-9-(4,5-methylenephenanthryl))2irconium dichloride, dlmethylsilylene(27-dimethyl-4,5-{1 -methyl- 
ben2o)-1-indenyl)(2,7-dibromo-9-{4,5-methylenephenanthryl))zirconlum dichloride, dimethylsilylene(2,7-dimethyl- 
4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-di-t-butoxy-9-(4,5-methylenephenanthryl))2irconlum dichloride. dimethylsilylene 
(2,7-dimethyl-4,5-(1-methyl-ben2o)-1-indenyl)(2,7-diphenyl-9-(4,6-methylenephenanthryl))2irconium dichloride. 
dimethylsilylene(2,7-dimethyl-4,5-(1-methyl-ben20)-1-indenyl)(2,7-di-i-propyl-9-{4,5-methylenephenanthryl))2irconi- 
um dichloride, dimethylsilylene(2,7-dlmethyl-4,5-(1 -methyl-ben2o)-1 -indenyl)(2,7-dimethyl-9-(4,5-methylenephenan- 
thryl))zirconium dichloride, dimethylsilylene(2-methyI-4,5-benzo-1-indenyl)(2,7-di-t-butyl-9-(4.5-melhytenephenanthr- 
yl))zirconium dichloride, dimethylsilylene(2-methyl-4,5-benzo-1-indenyl)(2,7-di(trimethylsilyl)-9-(4,5-methytenephen- 
anthryl))zirconiumdichloride,dimethylsilylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7-di-l-butyl-9-(4,5-methylenephen- 
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anthryl))zirconium dichlorlde, dimethylsitylene(2,6-dlmethyl-4.6-benzo-1-indenyl)(27-di(trimethylsilyl)-9-(4,5-methyl- 
enephenanthryl))2irconlum dichloride, dimethylsltylene(2,7-djmethyl-4,5-(2-methyl-ben2o)-1 -lndenyl){2,7-di-t-butyl- 
9-(4,5-methylenephenanthryl))ztrconium dichloride, dimethylsitylene(2,7'dimethyl-4,5-(2-methyl-benzo)-1-indenyl) 
(2,7-dl(trimethylsilyl)-9-(4,5-methylenephenanthryl))zlrconjum dichloride, dimethylmethylene(2-methyl-4,5-benzo- 
1 -indenyl)(2,7-dibromo-9-f luorenyl)zirconlum dichloride, dimethylmethylene(2,6-dlmethyl-4,5-benzo-1 -indenyl){2.7-di- 
bromo-9-fluorenyl)zirconium dichloride, dfmethylmethylene(2-methyl-4,5-ben2o-1-lndenyl)(2,7-di-t-butoxy-9-fluore- 
nyl)2irconium dichloride, dimethylmethylene(2,6-dimethyl-4.5-ben20-1-lndenyl)(27-di-t-butoxy-9-fluorenyl)2lrconlum 
dichloride, dimethylmethylene(2-methyl-4,5-ben2o-1 -lndenyl)(2,7-diphenyl-9-fluorenyl)2irconium dichloride, dimelhyl- 
methyiene(2,6-dimelhyl-4,5-ben20-1-indenyl)(2.7-diphenyl-9-fluorenyl)2irconium dichloride. dimethylmethylene 
(2-methyl-4,5-ben2o-1-indenyl)(2,7-dt-i-propyl-9-fluorenyl)2irconium dichloride, dimethylmethylene(2,6-dimethyt- 
4,5-benzo-1-indenyl)(2,7-diH-propyl-9-fluorenyl)zirconium dichloride, dimethylmethylene(2,6-dimethyl-4,5-benzo- 
1-indenyl)(2,7-dimethyl-9-fIuorenyl)zirconium dichloride, dimethylmethylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-in- 
denyl)(27-di(trimethylsilyl)-9-fluorenyl))zirconium dichloride, dimethylmethylene(2:7-dimethyl-4,5-(2-methyl-ben2o)- 
l-indenyl)(2,7-dibromo-9-fluorenyl)2irconium dichloride, dimethylmethylene(2,7-dimethyl-4,5-(2-methyl-ben2o)-lHn- 
denyl)(2,7-di-t-butoxy-9-fluorenyl)zirconium dichloride, dimethylmethylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-inde- 
nyl)(2,7-diphenyl-9-f luorenyl)2irconium dichloride, dimethylmethylene{2 ,7-drmethyl-4,5-(2-methyl-benzo)-1 -indenyl) 
(2.7-di-i-propyl-9-fluorenyl)2lrconlum dichloride, dimethylmethylene{2.7-dimethyl-4,5-{2-methyl-ben2o)-1 -indenyl) 
(2,7-dimethyl-9-fluorenyl)2irconium dichloride, dimethylmethylene(2,7-dimethyl-4,5-(1 -nnethyl-benzo)-1 -indenyl) 
(2,7-di-t-butyl-9-fluorenyl)zirconiunn dichloride, dimethytmethylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl) 
(2,7-di(trimethylsilyl)-9-fluorenyl)zlrconium dichloride, dimethylmethylene(2,7-dimethyl-4,5-(1 -nnethyl-benzo)-1 -inde- 
nyl)(2,7-dibromo-9-fluorenyl)zirconiunn dichloride, dimethylmethylene(2,7-dimethyl-4,5-{1 -methyl-benzo)-1 -indenyl) 
{2.7-di-t-butoxy-9-fluorenyl)zirconlum dichloride^ dinnethylmethylene(2,7-dimethyl-4,5-(1-nnethyl-benzo)-1 -indenyl) 
(2,7-diphenyl-9-fluorenyl)zirconium dichloride, dimethylmethylene(2,7-dimethyl-4,5-(1 -methyl-benzo)-1 -indenyl) 
(2,7-di-i-propyl-9-fluorenyl)zirconium dichloride, dlnnethylmethylene(2,7-dlmethyl-4,5-(1-methyl-benzo)-1 -indenyl) 
(2,7-dinriethyt-9-fluorenyl)zirconium dichloride, dlmethylmethylene(2-methyM,5-ben20-1-indenyl)(2,7-di-t-butyl-9-flu- 
orenyl)2irconium dichloride, dimethylnnethylene(2Hnethyl-4,5-ben2o-1-lndenyt)(2,7-di(trimethylsilyl)-9-fluorenyl)zirco- 
nium dichloride, dimethylmethylene(2,6-dimethyl-4,5-ben20-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconlum dichloride, 
diniethylnriethylene(2,6-diniethyl-4.5-ben20-1-lndenyl)(2,7-di(trinriethylsllyl)-9-fluorenyl))2irconium dichloride, dimeth- 
ylmethylene(2,7-dimethyl-4,5-(2-nnethyl-benzo)-1-indenyl)(27-di-t-butyl-9-fluorenyl)zlrconiunn dichloride, dinnethyl- 
methylene(2,7-dinriethyl-4,5-(2-nriethyl-benzo)-1-indenyl)(2,7-di(trimethylsllyl)-9-fluorenyl)zirconiunri dichloride, 
dimethylsilylene(2-methyl-4,5-benzo-1 -indenyl) (2,7-dl-t-butyt-9-fluorenyl))zlrconiunri ri4-1 -phenyl- 1 ,3-pentadiene. 
dinnethylsilylene(2-nnethyl-4,5-ben2o-1-indenyl)(2,7-di(trimethylsilyl)-9-fluorenyl))zirconiunn t|4-1 ,4-diphenylbutadi- 
ene, dimethylsilylene(2-methyl-4,5-benzo-1 -indenyl)(2,7-dibromo-9-ftuorenyl)zirconium 114-2, 4-hexadiene, dimethyls- 
ilylene(2,6-dimethyl-4,5-ben2o-1 -lndenyl)(2,7-di-t-butyl-9-fluorenyl)2irconium ti4-1 ,4-diphenyl-1 ,3-butadiene, dimeth- 
ylsilylene(2,6-dimethyl-4,5-benzo-1 -indenyl)(2,7-di(trimethylsilyl)-9-fluorenyl))zirconium t| 4-3-methyl-1 ,3-pentadiene, 
dimethylsllylene(2,6-dlmethyM,5-ben2o-1 -indenyl)(2,7-dlbronno-9-fluorenyl)2iiiconiuni j\ 4-2,4-hexadiene, diphenylsi- 
lylene(2-methyl-4,5-ben20-1-indenyl)(2,7-ditrimethylsilyl-9-fluorenyl)zlrconium dichloride. diphenylsllylene(2,6-dime- 
thyl-4.5-benzo-1-indenyl)(2,7-di-t-butyl-9-flLiorenyl)zirconlum dichloride, diphenylsilylene(2,7-dinnethyl-4,5-benzo- 
1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zirconiunn dichloride, diphenylsllylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1 -inde- 
nyl)(2,7-di-t-butyl-9-fluorenyl)zirconium dichloride, methylphenylsilylene(2-melhyl-4,5-benzo-1 -indenyl)(2,7-dt(trime- 
thyl)silyl-9-fluorenyl))zirconlum dichloride, methylphenylsilylene(2,6-dimethyl-4,5-benzo-1-indenyl)(2,7-di-t-butyl- 
9-fluorenyl))zirconium dichloride, nnethylphenylsilylene(2,7-dinnethyl-4,5-benzo-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)) 
zirconium dichloride, methylphenylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-t-butyl-9-fluorenyl)) 
zirconiunn dichloride, ethylene(2-methyl-7-trimethylsityl-4,5-benzo-1-indenyl)(2.7-di-t-butyl-9-fluorenyt)zirconium 
dichloride and dimethylsi(ylene(2Hnethyl-7-trimethylsilyl-4,5-(1 -methyl-benzo)-1 -indenyl)(2,7-di-t-butyl-9-fluorenyl)zir- 
conium dichloride. 

[0276] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0277] Next, the transition metal compound represented by the formula (15) is described. 
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[0278] In the above formula, MMs a transition metal atom selected from Group 3 to Group 10 of the periodic table, 
preferably a transition metal atom selected from Group 4 of the periodic table, more preferably titanium, zirconium or 
hafnium, particularly preferably zirconium. 

[0279] R*^ and R*2 may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a 
halogenated hydrocarbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a 
silicon-containing group, a halogen atom or a hydrogen atom. 

[0280] Examples of the hydrocarbon groups of 1 to 40 carbon atoms include the same groups as previously described 
with respect to R^i to Ri^. R17 to R20 and R^i in the formula (13). 

[0281] Examples of the oxygen-containing groups, the sulfur-containing group, the silicon-containing groups and the 
halogen atoms include the same groups and atoms as previously described with respect to R25, r26 r27 an^j R28 jn 
the formula (11). Of the groups indicated by R^"* and R'^^ ^ Qf ^^e groups neighboring with each other may be 
bonded to form a ring together with carbon atoms to which those groups are bonded 

[0282] XI and may be the same or different and have the same meanings as those of X^ and X^ in the formula (11). 
[0283] has the same meaning as that of Y^ in the formula (11). 

[0284] Examples of the transition metal compounds represented by the fonnula (1 5) include ethylene-bis(ftuorenyl) 
dimethyl zirconium, ethylene-bis{fluorenyl)zirconium dichloride, ethylene-bis(fluorenyl)zlrconium-bls(trifluorometh- 
anesulfonate), ethylene-bis(fluorenyl)zlrconium-bls(methanesulfonate), dimethylsilylene-bis(fluorenyl)zirconium 
dichloride, dimethyIsilylene-bis(fluorenyl)zirconium-bls(trifluoromethanesu!fonate), diphenylsilylene-bis(fluorenyl)zir- 
conium dichloride, dimethylmethylene-bis(fluorenyl)z(rconium dichloride, dimethylmethylene-bls(2,7-tert-butylfluore- 
nyl)zirconium dichloride, dimethylsitylene-bis(2,7-tert-butylfluorenyl)2irconium dichloride, dimethylmethylene-bis 
(3,6-tert-butylfluorenyl)2irconium dichloride, dimethylsilylene-bls(3,6-tert-butylfluorenyl)2irconlum dichloride, and N,N- 
diphenylamlnoboryllden-bis(fluorenyl)zirconium dichloride. 

[0285] Next, the transition metal compound represented by the formula (16) is described. 
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[0286] In the above fomnula, is a transition metal atom selected from Group 4 of the periodic table, specifically 
titanium, zirconium or hafnium, preferably zirconium. 

[0287] R11, R12, R15 to R20^ and R"^ may be the same or different and are each a hydrocarbon group of 1 to 40 
carbon atoms, a halogenated hydrocarbon group of 1 to 40 cariDon atoms, an oxygen-containing group, a sulfur-con- 
taining group, a silicon-containing group, a halogen atom or a hydrogen atom. 

[0288] Examples of the hydrocarison groups of 1 to 40 carbon atoms Include the same groups as previously described 
with respect to R^^ to R^-*, Ri7 to R20 and R-*^ in the formula (13). 

[0289] Examples of the oxygen-containing groups, the sulfur-containing group, the silicon-containing groups and the 
halogen atoms Include the same groups and atoms as previously described with respect to R^s, R26^ r27 Qfy^ r28 jp 
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the formula (11). Of the groups indicated by B^^, R^s, R16^ r17 pis^ pig p20 and R*2^ q part of the groups 
neighboring with each other may be bonded to form a ring together with carbon atoms to which those groups are bonded. 
[0290] and may be the same or different and have the same meanings as those of X^ and X2 In the fomiula (11). 
[0291] has the same meaning as that of in the formula (11). 
5 [0292] Examples of the transition metal compounds represented by the fomnula (16) include the same compounds 
as previously exemplified with respect to the compounds of the formula (11 a) or (lib). 

[0293] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-mentioned 
compounds. 

[0294] The transition metal compounds (A) mentioned above can be used singly or in combination of two or more 
10 kinds, 

(B-1) Organoamuminum oxy-compound 

[0295] The organoaluminum oxy-compound (B-1) for use in the invention may be conventional alumtnoxane (also 
IS referred to as "alumoxane") or such a benzene-insoluble organoaluminum oxy-compound as exemplified in Japanese 
Patent Laid-Open Publication No. 78687/1990. 

[0296] The conventional aluminoxane can be prepared by, for example, the following processes, and is generally 
obtained as a hydrocarbon solvent solution. 

20 (1) An organoaluminum compound such as trialkylalumlnum is added to a hydrocarbon medium suspension of a 

compound containing adsorption water or a salt containing water of crystallization, e.g., magnesium chloride hy- 
drate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate orcerous chloride hydrate, to allow 
the organoaluminum compound to react with the adsorption water or the water of crystallization. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound such as trialkylalumlnum 
2S in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) An organotin oxide such as dimethyltin oxide or dibutyltin oxide is allowed to react with an organoaluminum 
compound such as trialkylalumlnum in a medium such as decane, benzene or toluene. 

[0297] The aluminoxane may contain a small amount of an organometalllc component. Further, it is possible that 
30 the solvent or the unreacted organoaluminum compound Is distilled off from the recovered solution of aluminoxane 
and the remainder is redlssolved in a solvent. 

[0298] Examples of the organoaluminum compounds used for preparing the aluminoxane include 

trialkylaluminums, such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylaluminum, tri-n- 
35 butylaluminum, triisobutylaluminum. tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminum, trihexylalu- 

mlnum, trioctylalumlnum and tridecylaluminum; 

tricycloalkyialuminums, such as tricyclohexylaluminum and tricydoocty {aluminum; 

dialkylaluminam halides, such as dimethylaluminum chloride, diethylaluminum chloride, diethylaluminum bromide 
and diisobutylaluminum chloride; 
40 dialkylatuminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride; 

dialkylaluminum alkoxides, such as dimethylaluminum methoxide and diethylaluminum ethoxide; and 
dialkylaluminum aryloxides. such as diethylaluminum phenoxide. 

[0299] Of these, preferable are trialkylaluminums and tricycloalkylaluminums. 
45 [0300] Additionally, examples of the organoaluminum compounds used for preparing the aluminoxane include iso- 
prenylaluminum represented by the formula {\'0^Hq)^A\^{C^H^q)2 (wherein x, y and z are each a positive number, and 
z^2x). 

[0301] The organoaluminum compounds are used singly or in combination of two or more kinds. 
[0302] Examples of the solvents used for preparing the aluminoxane include aromatic hydrocarbons, such as ben- 
50 zene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane, hexane, heptane, octane, de- 
cane. dodecane, hexadecane and octadecane; alicycltc hydrocarbons, such as cyclopentane, cyclohexane. cyclooc- 
tane and methylcyclopentane; petroleum fractions, such as gasoline, kerosine and gas oil; and halogenated products 
of these aromatic, aliphatic and alicyclk: hydrocarbons (e.g., chlorinated or brominated products thereoO- Also employ- 
able are ethers such as ethyl ether and tetrahydrofuran. Of the solvents, particularly preferable are aromatic hydro- 
ps carbons, 

[0303] The organoaluminum oxy-compound for use in the invention is, for example, an organoaluminum oxy-com- 
pound containing boron and represented by the following formula (1 7): 
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wherein is a hydrocarbon group of 1 to 1 0 carbon atoms; and each may be the same or different and is a hydrogen 
atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon atoms. 

(B-2) Ionizing ionic compound 

[0304] Examples of the compound (B-2) which reacts with the transition metal compound (A) to form an ion pair 
(sometimes referred to as an "ionizing ionic compound" hereinafter), that is used in the invention, include Lewis acid, 
an ionic compound, a borane compound and a carborane compound, which are described in National Publications of 
Intemational Patents No. 501950/1989 and No. 502036/1989, Japanese Patent Lald-Open Publications No. 
179005/1991 , No. 179006/1991 . No. 207703/1991 and No. 207704/1991 , and U.S. Patent No. 5,321 .106. A heteropoly 
compound and an isopoly compound are also available. 

[0305] Examples of the Lewis acid include magnesium-containing Lewis acid, aluminum-containing Lewis acid and 
boron-containing Lewis acid. Of these, boron-containing Lewis acid is preferable. The ionic compound is a salt com- 
prising a cationic compound and an anionic compound. The anion reacts with the transition metal compound to make 
the transition metal compound cationic and thereby form an ion pair, whereby the transition metal cationic species are 
stabilized. Examples of such anions include organoboron compound anion, organoarsenic compound anion and or- 
ganoaluminum compound anion. Preferable are those which are relatively bulky and stabilize the transition metal cat- 
ionic species. 

[0306] The Lewis acids containing boron atoms are, for example, compounds represented by the following formula 



wherein R', R" and R'" may be the same or different and are each a fluorine atom or a phenyl group whk:h may have 
a substttuent such as a fluorine atom, a methyl group or a trifluoromethyl group. 

[0307] Examples of compounds represented by the fonnula (18) include trifluoroboron, triphenylboron, tris(4-fluor- 
ophenyl)boron. tris(3,5-difluorophenyl)boron, tris(4-ftuoromethylphenyt)boron, tris(pentaftuorophenyl)boron, tris(p- 
tolyl)boron, tris(o-toiyl)boron, tris(3,5-dimethylphenyl)boron andtris[3,5-di(trifluoromethylphenyl)]boron. Of these, pref- 
erable is tris(pentafluorophenyl)boron. 

[0308] The ionic compound is a salt comprising a cationic compound and an anionic compound. An anion is reacted 
with the above transition metal compound to cationize it and form an ion pair which has a function of stabilizing the 
cation species of the transition metal compound. Examples of such anions include organic boron compound anion, 
organic arsenic compound anion and organic aluminum compound anion, and preferable are relatively bulky and can 
stabilize the transition metal cationic species. Cations include metal cation, organic metal cation, carbonium cation, 
tropylium cation, oxisonium cation, sulfonium cation, phosphonium cation and ammonium cation and, more in detail, 
triphenylcarbenium cation, tributylammonlum cation, N.N-dimethylammonlum cation and ferrocenium cation. 
[0309] Of these, preferable anions are ionic compounds containing boron compounds as anion. 
[0310] Examples of the trialkyl-substituted ammonium salts include; triethylammoniumtetra(phenyl)boron, tripropy- 
lammoniumtetra(phenyl)boron. tri(n-butyl)ammoniumtetra(phenyl)boron, trimethylammoniumtetra(p-tolyl)boron, tri- 
methylammoniumtetra(o-tolyl)boron, tributylammonlumtetra(pentafluorophenyl)boron. tripropylammoniumtetra(o,p- 
dimethylphenyl)boron, tributylammoniumtetra(m,m-dimethylphenyl)boron, tributylammoniumtetra(p-trifluoromethyl- 
phenyl)boron, tri(n-butyl)ammoniumtetra(o-tolyl)boron and tri(n-butyl)ammoniumtetra(4-fluorophenyl)boron. 
[0311] Examples of the N,N-dialkylanilinium salts include N,N-dimethylaniliniumtetra(phenyl)boron, N,N-diethyl- 
aniliniumtetra(phenyl)boron and N,N-2.4,6-pentamethylaniliniumtetra(phenyl)boron. 

[0312] Examples of the dialkylammonium salts include di(n-propyl)ammoniumtetra(pentafluorophenyl)boron and di- 
cyclohexylammoniumtetra(phenyl)boron. 

[031 3] Examples of the triarylphosphonium salts include triphenylphosphoniumtetra(phenyl)boron, tri(methylphenyl) 
phosphoniumtetra(pheny()boron and tri(dlmethylphenyi)phosphoniumtetra(phenyl)boron. 

[0314] Further employable as the ionic compounds containing boron are triphenytcarbeniumtetrakis(pentafluoroph- 



(18); 



BR'R"R" 



(18) 
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enyl)borate, N, N-climethylaniliniumtetrakis(pentafluorophenyl)borate, ferroceniumtetra(pentafluorophenyl)borate 
triphenylcarbeniumpentaphenylcyclop'entadienyl complex, N.N-diethyianitiniumpentaphenylcyclopentadienyl complex 
and a boron compound represented by the following fomiula (19) or (20) : 




... (20) 

[0315] Furthermore employable as the ionic compounds having a boron atom are the following compounds. (In the 
following ionic compounds, the counter ion is tri(n-butyl)ammonium but not restricted.) 
[0316] Examples of salts of anions include 

bis[trt(n-butyl)ammonium]nonaborate, 

bis[tri(n-butyl)ammonium]decaborate, 

bis[tri(n-butyl)ammonium]undecaborate, 

bis[tri(n-butyl)ammonlum)dodecaborate, 

bis[tri(n-butyl)ammonium]decachlorodecaborate, 

bis[trj(n-butyl)ammonium]dodecachlorododecaborate, 

tri(n-butyl)ammonium-1-carbadecaborate, 

tri(n-butyl)ammonium-1-carbaundecaborate, 

tri(n-butyl)ammonium-1 -carbadodecaborate, 

tri(n-butyl)ammonium-1 -trimethylsiIyl-1 -carbadecaborate and 

trt(n-butyl)ammoniumbromo-1-carbadodecaborate. 

[0317] Examples of salts of borane compounds, carborane compofex compounds and carborane anion include 

decaborane(1 4), 7,8-dicarbaundecaborane(1 3), 2,7-dicarbaundecaborane(1 3), undecahydrido-7,8-dimethyl- 
7,8-dicarbaundecaborane, dodecahydrido-1 1 -methyl-2,7-dicarbaundecaborane, tri(n-butyl)ammonium-6-cart5ade- 
caborate(14), tri(n-butyl)ammonium-6-carbadecaborate(12), tri(n-butyl)ammonium-7-carbaundecaborate(13), tri(n- 
butyl)ammonium-7,8-dicarbaundecaborate(1 2), tri(n-butyl)ammonium-2,9-dicarbaundecaborate(1 2), tri(n-butyl)am- 
moniumdodecahydrido-8'methyl-7,9'dicarbaundecaborate, tri(n-butyl)ammonlumundecahydrido-6'ethyI-7,9-dicar- 
baundecaborate. tri(n-butyl)ammoniumundecahydrido-8-butyl-7,9-dicarbaundecaborate. tri(n-butyl)ammoniumun< 
decahydrldo-8-altyh7,9-dicarbaundecaborate, trl(n-butyl)ammoniumundecahydrido-9*trimethylsilyl-7,8-dicarbaunde- 
caborate and tri(n-buty1)ammoniumundecahydrido-4,6-dibromo-7-carbaundecaborate. 
[0318] Examples of salts of carborane compounds and carborane Include 

4*carbanonaborane(14), 1, 3-dicarbanonaborane(13), 6,9-dicarbadecaborane(14), dodecahydrtdo-1-phenyl- 
1 ,3-dicarbanonaborane, dodecahydrido-1 -methyl-1 ,3-dicarbanonaborane and undecahydrido-1 ,3-dimethyl-1 ,3-dlcar- 
banonaborane. 

[0319] Further employable as the ionic compounds containing a boron atom are following metallic carborane salts 



50 



EP1 186 619 A2 



and metallic boran anion. (In the following Ionic compounds, the counter ion is trl(n-butyl)ammonlum but not restricted.) 
[0320] Employable are 

tri(n-butyl)ammoniumbis{nonahydrido-1 .3-dicarbanonaborate)cobaltate(lll), 

tri (n-butyl) ammoniumbls (undecahydrido-7, 8-dlcarbaundecaborate)ferrate(lll), 

tri(n-butyl)ammoniumbls(undecahydrido-7,8-dicarbaundecaborate)cobaltate(llf), 

tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborate)nickelate{m), 

tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecaborate)cuprate(lll), 

tri(n-butyl)ammoniumbis(undecahydrido-7,e-dicarbaundecaborate)aurate(ltl), 

tri(n-butyl)ammoniumbis{nonahydrido-7,8-dimethyl-7,8-dicart>aundecaborate)fen'ale(lll), 

tri(n-butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-dicarbaundecaborate)chromate(lll), 

tri(n-butyl)ammoniumbis(tribromooctahydrido-7,8-dicarbaundecaborate)cobaltate(lll), 

tri(n-butyl) ammoniumbjs(dodecahydridodicarbadodecaborate)cobaltate{lll), 

bis[tri(n-butyl) ammoniumlbls(dodecahydridododecaborate)nlckelate(lll), 

tris[trl(n-butyl)ammonium]bis{undecahydrido-7-cart)aundecaborate)chromate(HI), 

bls[tri(n-butyl)ammonlum]bis(undecahydrido-7-carbaundecaborate)manganate(IV), 

bisItri(n-butyl)ammonium]bis(undecahydrido-7-carbaundecaborate)cobaltate(lll) and 

bis[tri(n-butyI)ammonium]bis(undecahydrido-7-carbaundecaborate)nlckelate(IV). 

[0321] Further examples of the ionic compounds containing a boron atom include following compounds such as 
triphenylcarbeniumtetrakis[(2,3,5,6-tetrafluoro-4-triisopropylsilyl)phenyl]borate, N,N-dimethylaniliniumtetrakis[ 
(2,3,5,6-tetrafluoro-4-triisopropylsHyl)phenyl]borate, trlphenytcarbenlumtetrakis[(2,3,5,6-tetrafluoro-4-dimethyl-t-bu- 
tylsilyl)phenyl]borate, N,N-dimethylaniliniumtetrakis[(2,3,5,6-tetrafluoro-4-dimethyl-t-butylsilyl)phenyl]borate, thphe- 
nylcarbeniumbis(octafiuorobiphenylene)borate, N,N-dimethylanilinlumbis(octafluorobiphenylene)borate, triphenyl- 
carbeniumbis(octafluoro-1 ,1'-splro)biboronol and N,N-dimethylaniliniumbis(octafluoro-1 ,1'-spiro)biboronol. 
[0322] The heteropoly compound comprises an atom selected from silicon, phosphorus, titanium, gemianlum, ar- 
senic or tin and one or more atoms selected from vanadium, niobium, molybdenum and tungsten. Examples of such 
compounds Include phosphovanadic acid, germanovanadic acid, arsenovanadic acid, phosphonlobic acid, germano- 
niobic acid, silicomolybdic acid, phosphomolybdic acid, titanomolybdtc acid, gennanomolybdic acid, arsenomolybdk; 
acid, stannomolybdic acid, phosphotungstic acid, germanotungstic acid, stannotungstic acid, phosphomolybdovanadic 
acid, phosphotungstovanadic acid, germanotaungstovanadic acid, phosphomolybdotungstovanadic acid, gemrianomo- 
lybdotungstovanadic acid, phosphomoiybdotungstic acid, phosphomolybdoniobic acid, salts of these acids, specifically, 
salts of these acids, for example with metals of Group 1 or 2 of the periodic table such as lithium, sodium, potassium, 
rubidium, cesium, beryllium, magnesium, calcium, strontium and barium and organic salts of the above acids such as 
with triphenylethyl salt. 

[0323] The ionizing ionic compounds may be used singly or in combination of two or more kinds. 
(B-3) Organoaluminum compound 

[0324] The organoaluminum compounds (B-3) used in the present invention can be represented by the following 
formula (21): 

R%AIX3.„ (21) 

wherein Ra is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or a hydrogen atom, and n is 1 to 3. 
[0325] In the above formula (21), Ra is a hydrocarbon group of 1 to 12 carbon atoms, for example, an alkyi group, 
a cycloalkyi group or an aryl group. Examples include a methyl group, ethyl group, n-propyl group, isopropyl group, 
isobutyl group, pentyt group, hexyi group, octyl group, cyclopentyt group, cyclohexyl group, phenyl group and tolyl 
group. 

[0326] Examples of the organoaluminum compounds include 

trialkylaluminums. such as trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum, trioc- 
tylaluminum and tri-2-ethylhexy(aluminum; 
alkenylaluminums. such as Isoprenylaiuminum; 

dialkylaluminum halides, such as dimethyialuminum chloride, diethylaluminum chloride, dilsopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethyialuminum bromide; 
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alkylaluminum sesquihalides, such as methylaluminum sesquichloride. ethylaluminum sesquichloride, isopropy- 
laluminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide, 
alkylaluminum dihalides, such as methylaluminum dichloride, ethylaluminum dichloride, Isopropylaluminum dichlo- 
ride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
[0327] Further the organoa!uminum compounds (B-3) can be also represented by the following fomiula (22): 

R\AIY3.n (22) 

wherein Is the same as previously described, Y is a -OR^ group, -OSiRC3 group, -OAIR*^2 group, -NR®2 group, -SiR'3 
group or -N(R9)AIR^2 group, n is 1 to 2, and R**, R^, and R^ are each a methyl group, ethyl group, isopropyt group, 
isobutyl group, cyclohexyl group and phenyl group, R® Is hydrogen, a methyl group, ethyl group, isopropyl group, phenyl 
group and trimethyl group, and and Rs are each a methyl group and ethyl group. 
[0328] Examples of the organoaluminum compounds include 

(i) compounds represented by R^nAI(OR'>)3.n such as dimethylaluminum methoxide, diethylaluminum ethoxide and 
diisobutylaluminum methoxide; 

(ii) compounds represented by R^nAKOSiRCgjg.^ such as (C2H5)2AI(OSi(CH3j3), (lso-C4H9)2AI(OSi(CH3)3) and 
(iso-C4H9)2AI(OSi(C2H5)3): 

(iii) compounds represented by R»nAI(OAIR«*2)3.n such as (C2H5)2AI(OAI(C2H5)2) and (iso-C4Hg)2AI(OAI 
(iso-C4H9)2); 

(iv) compounds represented by R«nAI(NR«2)3.n such as (CH3)2AI(N(C2H5)2), (C2H5)2AI(NH(CH3)). (CH3)2AI(NH 
(C2H5)). (C2H5)2AI[N(Si(CH3)3)2] and (iso-C4H9)2AI[N(Si(CH3)3)2]; and 

(V) compounds represented by Ra^l(SiR*3)3.n such as (iso-C4H9)2AI(Si(CH3)3). 

[0329] In the present invention, of these, preferable are organoaluminum compounds represented by R^3AI, R^AI 
(OR*')3.„, and R^nAKOAIR<*2)3.n- Particularly preferable are compounds wherein R^ is an isoalkyi group and n = 2. 
[0330] The organoaluminum compounds can be used in combination of two or more kinds. 

[0331 ] The olefin polymerization catalyst used in the present invention comprises the transition metal compound (A) 
and at least one compound selected from the group consisting of the organoaluminum-oxy compound (B-1 ), the ionizing 
ionic compound (B-2) and the organoaluminum compound (B-3). For example, in the case that the transition metal 
compound (A) containes a tigand having a cyclopentadienyt skeleton, the catalyst comprises said compound (A) and 
the organoaluminum-oxy compound (B*1 ) and/or the ionizing ionic compound (B-2). and optionally the organoaluminum 
compound (B-3). 

[0332] The olefin polymerization catalyst for use in the invention may be a solid catalyst in which the transition metal 
compound (A) and at least one component selected from the organoaluminum oxy-compound (B-1), the ionizing ionic 
compound (B-2) and the organoaluminum compound (B-3) are supported on a particle carrier, or a prepolymerized 
catalyst comprising a particle carrier, the transition metal. compound (A), the organoaluminum oxy-compound (B-1) (or 
the ionizing ionic compound (B-2)), an olefin polymer produced by prepolymerization, and if necessary, the organoa- 
luminum compound (B-3). 

[0333] An particulate earners used In the solid catalyst and the prepolymerized catalyst is an inorganic or organte 
compound in the form of granular or particulate solid having a particle diameter of 1 0 to 300 ^m, preferably 20 to 200 ^m. 
[0334] Preferable examples of the inorganic carrier are porous oxides, inorganic chlorides, clay, clay minerals and 
ion-exchange layred compounds. Ecamples of porous oxides include Si02, AI2O3, MgO, ZrO, TlOg, B2O3, CaO, ZnO, 
BaO, Th02, and mixtures containing these oxides, such as SIOg-MgO, Si02-Al203, Si02-Ti02, Si02-V205, Si02-Cr203 
and Si02-TiO2-MgO. Of these, preferable are compounds containing Si02 and/or AI2O3 as the main component. 
[0335] The inorganic oxides may contain small amounts of cart^onate, sulfate, nitrate and oxide components, such 
as Na2C03. K2CO3. CaCOg, MgCOa, Na2S04. Al2(S04)3, BaS04, KNO3, Mg(N03)2. AI(N03)3, NagO, K2O and U2O. 
[0336] Although the particulate carriers differ in their properties depending upon the type and the preparation process 
thereof, the particulate carrier preferably has a specific surface area of 50 to 1 ,000 m2/g, preferably 100 to 700 m^/g, 
and a pore volume of 0.3 to 2.5 cm^/g. if necessary, the particulate canier may be calcined at 1 00 to 1 ,000 ''C, preferably 
1 50 to 700 ""C, prior to use. 

[0337] Further the particulate carrier is. for example, a granular or particulate solid organic compound having a par- 
ticle diameter of 1 0 to 300 nm. Examples of such organic compounds include (co)polymers produced using an a-olefin 
of 2 to 14 carbon atoms such as ethylene, propylene. 1-butene or 4-methyl-1-pentene as a main ingredient and (co) 
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polymers produced using vinylcyclohexane or styrene as a main ingredient. 

[0338] Examples of the inorganic chlorides employable in the invention include MgCl2. MgBrg, MnCl2 and MnBr2. 
The inorganic chloride may be used as it is. or may be used after pulverized by, for example, a ball mill or an oscillating 
mill. The inorganic chloride may also be used as fine particles of a obtained by dissolving the inorganic chloride in a 
solvent such as alcohol and then precipitating using a precipitant. 

[0339] The clay is generally composed mainly of clay minerals. The ion-exchange layered compounds are com- 
pounds having a crystal structure wherein planes formed by ionic bonding or the like are laminated in parallel to one 
another with a weak bond strength, and the ions contained therein are exchangeable. Most of clay minerals are ion- 
exchange layered compounds. The clay, the clay minerals and the ion-exchange layered compounds employable in 
the invention are not limited to natural ones but include synthetic ones. 

[0340] Examples of such clay, clay minerals and ion-exchange layered compounds include clay, clay minerals and 
ion crystalline compounds having layered crystal structures such as hexagonal closest packing type, antimony type, 
CdCI2 type and Cdl2 type. 

[0341] Particular examples of the clay and the clay minerals include kaolin, bentonite, kibushi clay, gairome clay, 
allophane, hisingerite, pyrophyllite, mica, montmorillonite, vermiculite, chlorite, palygorskite, kaolinlte, nacrite, dickite 
and halloysite. Particular examples of the ion-exchange layered compounds include crystalline acid salts of polyvalent 
metals, such as a-Zr(HAs04)2 H20. a-Zr(HP04)2, a-Zr(KP04)2-3H20, a-Tl(HP04)2, a-Ti(HAs04)2- H2O, a-Sn 
(HP04)2 H20, r2r(HP04)2. Y-Ti(HP04)2 and rTi{NH4p04)2 H20. 

[0342] The clay, the clay minerals and the ion-exchange layered compounds are preferably those having a pore 
volume, as measured on pores having a radius of not less than 20 A by a mercury penetration method, of not less than 
0.1 cc/g, and are particulariy preferably those having a pore volume of 0.3 to 5 cc/g. The pore volume is measured on 
the pores having a radius of 20 to 3x1 0^ A by a mercury penetration method using a mercury poroslmeter. 
[0343] If a compound having a pore volume, as measured on pores having a radius of not less than 20 A, of less 
than 0.1 cc/g is used as the carrier, high polymerization activity tends to be hardly obtained. 

[0344] It is also preferable that the clay and the clay minerals are subjected to chemical treatments. Any of surface 
treatments, for example, to remove impurities attached to the surface and to influence on the crystal structure of the 
clay, are employable. 

[0345] • Examples of such chemical treatments include acid treatment, alkali treatment, salt treatment and organic 
substance treatment. The acid treatment can contribute to not only removing impurities from the surface but also eluting 
cations such as Al, Fe and Mg present in the crystal structure to increase the surface area. The alkali treatment can 
destroy crystal structure of clay to bring about change in the structure of the clay. The salt treatment and the organic 
substance treatment can produce, for example, ionic composites, molecular composites, or organic derivative to 
change the surface area or the distance between layers. 

[0346] The ion-exchange layered compound may be a layered compound in which the exchangeable ions between 
layers have been exchanged with other large and bulky ions utilizing Ion exchange properties to enlarge the distance 
between the layers. The bulky ion plays a pillar-like roll to support the layer structure and is generally called a "pillar". 
Introduction of other substances between layers of a layered compound is called "intercalation". Examples of the guest 
compounds to be Intercalated include cationic inorganic compounds, such as TiCl4 and ZrCl4; metallic alkoxides, such 
as Ti(OR)4, Zr(OR)4. PO(OR)3 and B(OR)3 (R is a hydrocarbon group or the like); and metallic hydroxide ions, such 
as [Ali304(OH)24F'', [Zr4{OH)i4]2+ and [Fe30(OCOCH3)6]+. The compounds mentioned above may be used singly or 
in combination of two or more kinds. 

[0347] The intercalation of the compounds may be carried out in the presence of polymers obtained by hydrolysis 
of metallic alkoxides such as Si(OR)4, AI(OR)3 and Ge(OR)4 (R is a hydrocartDon group or the like) or in the presence 
of colloidal inorganic compounds such as Si02 Examples of the pillars include oxides produced by intercalation of the 
above-mentioned metallic hydroxide ions between layers, followed by dehydration under healing. 
[0348] The clay, clay minerals and ion-exchange layered compounds mentioned above may be used as they are, or 
may be used after they are subjected to a treatment of bail milling, sieving or the like. Moreover, they may be used 
after they are subjected to water adsorption or dehydration under heating. The clay, clay minerals and ion-exchange 
layered compounds may be used singly or in combination of two or more kinds. 

[0349] Of the above-mentioned materials, preferable are clay and clay minerals, and particularly preferable are 
montmorillonite, vermiculite, hectorite, taeniolite and synthetic mica. 

[0350] The olefin polymerization catalyst for use in the invention may contain the following organosilicon compound 
(C) and/or the following dialkylzinc compound (D). 

(C) Organosilicon compound 

[0351] The organosilicon compound (C) which is used optionally is represented by the following fonnula (22): 
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- - R^R^R^SiH (22) 

wherein R\ R2 and R^ may be the sanr>e or different and are each a hydrogen atom, an alkyi group of 1 to 4 carbon 
atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl ortert-butyl an aryl group of 6 to 12 carbon atoms, such 
as phenyl or tolyl, an alkylaryl group of 7 to 20 carbon atoms, such as ethylphenyl or ethyltolyl, an arylalkyi group of 7 
to 20 carbon atoms, such as phenylethyl or benzyl, an alkoxyl group of 1 to 4 carbon atoms, such as methoxy, ethoxy, 
propoxy or butoxy, afluorinated alkyI group of 3 to 6 carbon atoms, such as 3,3,3-trifluoropropyl, a dlalkylamlno group 
containing an alky! group of 1 to 4 carbon atoms, such as dimethylamino, or a diorganopolysiloxane chain containing 
1 to 10 slloxane units and represented by RSgSIOCSIRSgO)^- (R^ is methyl, phenyl, 3,3,3-trifluoropropyl, methoxy or 
ethoxy, and n Is an integer of 0 to 9). 

[0352] Of these, preferable is a hydrogen atom, methyL ethyl, isopropyl, isobutyl, 3,3,3-trifluoropropyl dimethyamino 
or a group represented by R^3SiO(SiR®20)n~- 

[0353] Preferred examples of the organosilicon compounds represented by the fomnula (22) include phenylsilane, 
diphenylsilane, phenylmethylsilane. pentamethyldisiloxane, methylsilane and dimethylsilane. 

[0354] The organosilicon compounds mentioned above can be used singly or in combination of two or more kinds. 
(D) Dialkylzinc compound 

[0355] The dialkylzinc compound (D) whrch is used optionally is represented by the following fonmuia (23): 

ZnR^R^ (23) 

wherein R^ and R^ may be the same or different and are each an alkyI group of 1 to 20 carbon atoms, such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, hexyl, octyl, nonyl, decyl, dodecyl or eicosyl. 
[0356] Of these, preferable is an alkyI group of 1 to 12 carbon atoms, and more preferable is an alkyI group of 1 to 
6 carbon atoms. 

[0357] Preferred examples of the dialkylzinc compounds represented by the formula (23) include diethylzinc, di- 
isobutyizinc an di-n-decylzinc. Of these, diethylzinc is particularly preferable. 

[0358] The dialkylzinc compounds (D) mentioned above can be used singly or in combination of two or more kinds. 
[0359] The organosilicon compound (C) and the dialkylzinc compound (D) can be each used as a chain transfer 
agent in combination with hydrogen. When the organosilicon compound (C) Is used as a chain transfer agent, an olefin 
polymer having a silyl group at the end is obtained. 

[0360] Examples of the a-olefins of 2 to 20 carbon atoms Include ethylene, propylene, 1 -butene, 2-butene, 1 -pentene, 

3- methyl-1-butene, 1-hexene, 4-methyl-1 -pentene, 3-methyl-1 -pentene, 3-ethyl-1 -pentene, 4, 4-dimethyl-1 -pentene, 

4- methyl-1-hexene, 4,4-dimethyl-1 -hexene, 4-ethyl-1-hexene, 3-ethyl- 1-hexene, 1-octene, 1-decene, 1-dodecene, 
1 -tetradecene, 1 -hexadecene, 1 -octadecene and 1 -eicosene. Of these, preferable is an a-olefin selected from ethylene, 
propylene. 1 -butene, 4-methyl-1 -pentene, 1-hexene and 1-octene. 

[0361] Next, the polar group-containing monomer represented by the formula (7) is described more in detail, below. 

CH2=CH 

(R^)r— (X)p 

... (7) 

wherein R^, R*. r, X and p have the same meanings as those of R^, R*. r, X and p, respectively, in the fomnula (3). 
[0362] Examples of the polar group-containing monomers include: 

compounds of the formula (7) wherein X is an alcoholic hydroxyl group, specifically 
(o-alkenylalcohols, such as 

allylalcohol, 4-pentene-1-ol, 5-hexene-1-oL 6-heptene-1-ol, 
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7- octene-l-ol, 8-nonene-1-ol. 9-decene-1-ol, 10-undecene-1-ol and 11-dodecene-1-ol; 
alcohols having a straight-chain hydrocarbon group, such as 

5- hexene-2-ol, 6-heptene-2-ol, 7-octene-2-ol, 

8- nonene-2-ol, 9-decene-2-ol, 10-undecene-2-ol, 

6- heptene-3-Ql, 7-octene-3-ol, 8-nonene-3-ol, 

9- decene-3-ol, 10-undecene-3-ol, 
11-dodecene-3-ol, 7-octene-4-ol, 8-nonene-4-ol, 
9-decene-4-ol, 10-undecene-4-ol, 8-nonene-5-ol. 
9-decene-5-ol and 10-undecene-5-ol; 



alcohols having a branched hydrocarbon group, such as 

2- ethyl-5-hexene-1 -ol, 3-methyl-6-heptene-1 -ol, 

3- methyl-7-octene-1 -oL 4-methyl-8-nonene-1 -ol, 
3-ethyl-9-decene-1 -ol, 2-methyl-1 0-undecene-2-ol, 
2,2-dimethyl-7-octene-1 -ol, 
3-elhyl-2-methyl-8-nonene-1 -ol, 
2,2,3-trimethyl-9-decene-1 -o! and 
2,3,3,4-tetramethyl-10-undecene-2-ol; 



diots, such as 9-decene-1 ,2-diol, 10-undecene-1 ,2-diol, 11-dodecene-1 ,2-diol and 11 -dodecene-1 ,2-diol; and 
triols, such as 10-undecene-1 ,2,3-triol; 

compounds of the formula (7) wherein X is a carboxylic acid group, specifically 
o>-a}kenylcarboxylic acids, such as 



3-butenoic acid. 5-hexenoic acid, 6-heptenoic acid, 
7-octenotc acid, 8-nonenoic acid, 9-decenoic acid, 
10-undecenoic acid and 11-dodecenoic acid; 



allcenylcarboxylic acids having a straight-chain hydrocarbon group, such as 

2-methyl-5-hexenoic acid, 2-methyl-6-heptenoic acid, 
2-methyl-7-octenoic acid, 2-methyl-8-nonenoic acid, 
2- methyl- 9-decenoic acid, 2-methyl- 10-undecenoic acid, 
2-methyl-11-dodecenolc acid. 2-ethyl-5-hexenoic acid, 
2-ethyl-6-heptenoic acid, 2-ethyl-7-octenolc acid. 
2-ethyl-8-nonenotc acid, 2-ethyl-9-decenoic acid, 
2-ethyl-10-undecenoic acid, 2-propyl-5-hexenoic acid, 
2-propyl-6-heptenoic acid, 2-propyl-7-octenoic acid. 
2-propyl-8-nonenoic acid. 2-propy)- 9-decenoic acid, 
2-propyl- 10-undecenoic acid, 2-butyl-5-hexenoic acid, 
2-butyl-6-heptenoic acid, 2-buty!-7-octenoic acid, 
2-butyl-8-nonenoic acid. 2-butyt-9-decenoic acid and 
2-butyl-1 0-undecenoic acid; and 

alkenylcarboxylic acids having a branched hydrocarbon group, such as 

2-isopropyl-5-hexenoic acid, 
2-isopropyl-6-heptenolc acid, 
2-isopropyl-7-octenoic acid, 
2-isopropyl-8-nonenolc acid, 
2-isopropyl-9-decenoic acid, 
2-isopropyl-1 0-undecenoic acid, 
2-isobutyl-5-hexenoic acid, 2-t-butyl-6-heptenoic acid, 
2-isopropyl-3-methyl-7-octenoic acid, 
2-methyl-3-isopropyl-8-nonenoic acid. 
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3-isobutyl-3-methyN9-decenoic acid, 
2,2-dimethyl-10-undecenoic acid and 
2,3,3-trimethyl-11 -dodecenoic acid; 



compounds of the formula (7) wherein X Is a carboxylic acid ester, specifically 
a>-aikenylcarboxyIic acid esters, such as 



methyl 3-butenoate, methyl 5-hexenoate, 

methyl 6-heptenoate, methyl 7-octenoate, 

methyl 8-nonenoate, methyl 9-decenoate. 

methyl 10-undecenoate, methyl 11 -dodecenoate, 

ethyl 5-hexenoate, ethyl 6-heptenoate, 

ethyl 7-octenoate, ethyl 8-nonenoate, 

ethyl 9-decenoate, ethyl 10-undecenoate, 

ethyl 11 -dodecenoate, isopropyl 5-hexenoate, 

isopropyl 6-heptenoate. isopropyl 7-octenoate, 

isopropyl 8-nonenoate, isopropyl 9-decenoate, 

isopropyl 10-undecenoate, isopropyl 11 -dodecenoate, 

butyl 5-hexenoate, butyl 6-heptenoate, 

butyl 7-octenoate, butyl 8-nonenoate, 

butyl 9-decenoate, butyl 10-undecenoate, 

butyl 1 1 -dodecenoate, pentyl 5-hexenoate, 

pentyl 6-heptenoate. pentyl 7-octenoate, 

pentyl 8-nonenoate, pentyl 9-decenoate, 

pentyl 10-undecenoate and pentyl 11 -dodecenoate; 



alkenylcarboxylic acid esters having a straight-chain hydrocarbon group, such as 

methyl 2-methyl-5-hexenoate, methyl 2-methyl-6-heptenoate, 
ethyl 2-methyl-7-octenoate, methyl 2-methyl-8-nonenoate, 
butyl 2-methyl-9-decenoate, ethyl 2-methyl-1 0-undecenoate, 
butyl 2-ethyl-5-hexenoate, ethyl 2-ethyl-6-heptenoate, 
Isopropyl 2-elhyl-7-octenoate, ethyl 2-ethyl-8-nonenoate, 
methyl 2-ethyt-9-decenoate, ethyl 2-ethyl- 10-undecenoate, 
methyl 2-propyl-5-hexenoate, methyl 2-propyl-6-heptenoate, 
ethyl 2-propyl-7-octenoate, methyl 2-propyl-9-decenoate, 
ethyl 2-propyl-1 0-undecenoate, methyl 2-butyl-7-octenoate, 

methyl 2-butyl-8-nonenoate. methyl 2-butyl-9-decenoate and methyl 2-butyl-1 0-undecenoate; and 
alkenylcarboxylic acids having a branched hydrocarbon group, such as 



butyl 2-isopropyl-5-hexenoate, 

ethyl 2-isopropyl-6-heptenoate, 

methyl 2-isopnopyl-7-octenoate, 

methyl 2-lsopropyl-8-nonenoate, 

butyl 2-isopropyl-9-decenoate, 

methyl 2-isopropyl-1 0-undecenoate, 

methyl 2-isobutyl-5-hexenoate, 

methyl 2-t-butyl-6-heptenoate, 

ethyl 2-isopropyl-3-methy I -7-octenoate and 

propyl 3-isobutyl-3-methyl-9-decenoate; 



compounds wherein X in the fomnula (7) is an acid anhydride group, such as (2,7-octadienyl)succinic anhydride, 
pentapropenytsuccinic anhydride and compounds wherein the carboxytk^ acid group is replaced with a carboxylk: 
anhydride group in the above-exemplified compounds wherein X is a carboxylic acid group; 
compounds of the formula (7) wherein X is an amino group, specifically 

u>-alkenyl amines, such as allylamine, 5-hexene amine, 6-heptene amine, 7-octene amine, 8-nonene amine, 
9-decene amine, 10-undecene amine and 
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11-dodecene amine; 

alkenylamines having a straight-chain hydrocarbon group, such as 

2-methyl-5-hexene amine, 2-methyl-6-heptene amine. 
2-methyl-7-octene amine. 2-methyl-B-nonene amine. 
2-methyl-9-decene amine. 2-methyl-10-undecene amine, 
2-methyl-11-dodecene amine, 2-ethyl-5-hexene amine, 
2-ethyi-6-heptene amine, 2-ethyl'7-octene amine, 
2-ethyl-8-nonene amine, 2-ethyl-9-decene amine. 
2-ethyM 0-undecene amine, 2-propyl-5-hexene amine, 
2-propyl-6-heptene amine. 2-propyl-5-hexene amine, 
2-propyl-6-heptene amine, 2-propyl-7-octene amine, 
2-propyl-8-nonene amine, 2-propyl-9-decene amine, 
2-propyl-10-undecene amine, 2-butyl-5-hexene amine, 
2-butyl-6-heptene amine, 2-butyl-7-octene amine, 

2-butyt-8-nonene amine, 2-butyl-9-decene amine and 2-butyl-1 0-undecene amine; 

all<enylamines having a branched hydrocarbon group, such as 

2-isopropyl-5-hexene amine. 2-isopropyl-6-heptene amine, 

2-isopropyl-7-octene amine. 2-isopropy)-8-nonene amine, 

2-isopropyl-9-decene amine, 

2-isopropyM 0-undecene amine, 

2-isobutyl-5-hexene amine, 2-t-butyl-6-heptene amine, 

2-isopropyl-3-methyl-7-octene amine, 

2- methyl-3-isopropyl-8-nonene amine. 

3- isobutyl-3<methyl-9-decene amine, 
2,2-dimethyl-10'Undecene amine and 
2,3,3-trimethyl-11 -dodecene amine; 



N-alkyl-it^alkenytamines, such as 



N-methyl-5-hexene amine, N-methyl-6-heptene amine, 
N-methyl-7-octene amine, N-methyl-8-nonene amine, 
N-methyl-9-decene amine, N -methyl- 1 0-undecene amine, 
N-methyl-11-dodecene amine, N-ethyl-5-hexene amine, 
N-ethyl-6-heptene amine, N-ethyl-7-octene amine, 
N-ethyl-8-nonene amine, N-ethyl-9-decene amine, 
N-ethyl-1 0-undecene amine and 
N-ethyl-11-dodecene amine; 

N-alkylalkenylamines having a straight-chain hydrocarbon group, such as 



N-methyl-6-heptene-2-amine, N-ethyl-7-octene-2-amine, N-methyl-8-nonene-2-amine, N-ethyl-9-decene- 
2-amine, 

N-methyl-1 0-undecene-2-amine, N-ethyl-8-nonene-3-amine, N-methyl-9-decene-3-amine, N-ethyl-1 0-un- 
decene-3-amine, N-ethyl-B-nonene-4-amine. N-methyl-9-decene-4-amine and N-ethyl-1 0-undecene- 
4-amrne; 



N-alkylalkenylamlnes having a branched hydrocarbon group, such as 

N-methyl-2-methyl-5-hexene amine, 
N-ethyl-2-methyl-6-heptene amine, 
N-methyl-2-methyl-7-octene amine, 
N-ethyl-2-methyl-8-nonene amine, 
N-ethyl-2-methyl-9-decene amine, 
N-methyl-2-methyl-1 0-undecene amine, 
N-methyl-2-ethyl-7-octene amine, 
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N-ethyI-2-ethyl-9-decene amine and 
N-methyl-2-ethyM O-undecene amine; 

N,N-dialkyl>a>-alkenyiamines, such as 

5 

N,N-dimethyl-5-hexene amine, 
N,N'dimethyl-6-heptene amine, 
N,N-dimethyt-7-octene amine. 
N.N-dlmethyl-8-nonene amine, 
10 N,N-dlmethyl-9-decene amine, 

N,N-dimethyt-1 O-undecene amine, 
N,N-dimethyI-11 -dodecene amine, 

N.N-diethyl-5-liexene amine, N,N-diethyl-6-heptene amine, 
N,N-diethyl-7-octene amine, N,N-diethyl-8-nonene amine. 
IS N,N-diethyl-9-decene amine, 

N.N-diethyt-1 O-undecene amine and 
N,N-diethyt-1 1 -dodecene amine; 



20 



N,N-dialkyiail(enylamtnes having a straight-chain hydrocarbon group, such as 



N,N-dimethyl-6-heptene-2-amlne, 

N,N-diethyl-7-octene-2-amine, 

N,N-d-imethy(-8-nonene-2-amine, 

N,N-dtethyl-9-decene-2-amine, 
25 N,N-dimethyl-10-undecene-2-amine, 

N,N-diethyl-8-nonene-3-amine, 

N.N-dimethyl-9-decene-3-amlne, 

N,N-diethyl-l O-undecene-3-amine, 

N,N-dielhyI-8-nonene-4-amine, 
30 N,N-dimethyl-9-decene-4-amine and 

N,N-diethyl-10-undecene-4 amine; and 

N,N-dialkylalkenylamines having a branched hydrocarbon group, such as 

3s N,N-dimethyl-2-methyl-5-hexene amine, 

N,N-diethyl-2-methyl-6-heptene amine, 

N,N-dimethyl-2-methyl-7-octene amine, 

N,N-diethyl-2-methyl-8-nonene amine, 

N,N-diethyI-2-methyi-9-decene amine, 
^0 N,N-dimethyl-2-methyl-1 O-undecene amine, 

N,N-dimethyl-2-ethyl-7-octene amine, 

N,N-diethyl-2-ethyl-9-decene amine and 

N.N-dimethyl-2-etliyl-1 O-undecene amine; 

45 compounds of the formula (7) wherein X is an amido group, specifically 

(o-allcenylamides, such as allylamide, 5-hexene amide, 6-heptene amide, 7-octene amide, 8-nonene amide. 

9- decene amide, 

1 0- undecene amide and 11 -dodecene amide; 

alkenylamides having a straight-chain hydrocarbon group, such as 6-heptene-2-amide. 7-octene-2-amide, 8-non- 
50 ene-2-amide, 9-decene-2 -amide, 10-undecene-2-amide, 8-nonene-3-amide, 9-decene-3-amide, 10-undecene- 

3- amide, 11-dodecene-3-amjde, B-nonene-4-amide, 9-decene-4-amide, 1 0-undecene-4-amide, 11-dodecene- 

4- amide, 9-decene-5-amide and 10-undecene-5-amide; 
N-aikyl-ci>-alkenylamides, such as 

55 N-methyl-5-hexene amide, 

N-methyl-6-heptene amide, N-methyl-7-octene amide, 
N-methyl-8-nonene amide, N-methyl-9-decene amide, 
N-methyl-1 O-undecene amide, N-methyl-11 -dodecene amide, 
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N-ethyl-5-hexene amide, N-ethyl-6-heptene amide, 
N-ethyl-7-octene amide, N-ethyl-8-nonene amide, 
N-ethyl-9-decene amide, N-ethyi-10-undecene amide and 
N<ethyt-11-dodecene amide; 

5 

N,N-diallcyl-a)-all<enylamides, such as 

N,N-dlmethyl-5-hexene amide, 

N,N-dimethyl-6-heptene amide, 
10 N,N-dimethyl-7-octene amide, 

N,N-dimethyl-8-nonene amide, 

N,N-dlmethyl-9-decene amide, 

N,N-dimethyl-10-undecene amide, 

N,N-dimethyl-11-dodecene amide, 
IS N,N-diethy!-5-hexene amide, N,N-diethyl-6-heptene amide, 

N,N-diethyl-7-octene amide, N,N-diethyl-8-nonene amide, 

N,N-diethyl-9-decene amide, 

N,N-dielhyl-10-undecene amide and 

N,N-diethyl-11-dodecene amide; 



20 



50 



alkenylamides liaving a branched hydrocarbon group, such as 



2-methyl-5-hexene amide, 2-methyl-6-heptene amide, 
2-methyl-7-octene amide, 2-methyl-8-nonene amide, 

^5 2-methyl-9-decene amide, 2-methyl-1 0-undecene amide, 

2-ethyl-5-hexene amide, 2-ethyl-6-heptene amide, 
2-ethyl-7-octene amide, 2-ethyl-8-nonene amide, 
2-ethyi-9-decene amide, 2-ethyl-1 0-undecene amide, 
2-ethyl-11-dodecene amide. 2-propyl-5-hexene amide, 

30 2-propyl-6-heptene amide, 2-propyt-7-octene amide, 

2-propyl-8-nonene amide, 2-propy1-9-decene amide, 
2-propyl-1 0-undecene amide, 2-propyl-11-dodecene amide, 
2-butyl-5-hexene amide, 2-butyl-6-heptene amide, 
2-butyl-7-octene amide, 2-butyl-8-nonene amide, 

3s 2-butyl-9-decene amide and 2-butyl-1 0-undecene amide; 

N,N-diallcylall<enytamides having a branched hydrocarbon group, such as 

N,N-dimethyl-2-methyl-5-hexene amide, 
N,N-dielhyl-2-methyl-6-heptene amide, 
N,N-dimethyl-2-methyl-7-octene amide, 
N,N-d-iethyl-2-methyl-8-nonene amide, 
N,N-diethyl-2-methyl-9-decene amide, 
N,N-diethyl-2-methyl-10-undecene amide, 
N,N-dimethyl-2-ethyl-7-octene amide, 
N,N-diethyl-2-ethyl-9-decene amide and 
N , N-dimethyl-2-ethyl- 1 0-undecene amide ; 



atl<enylamides, such as 6-heptene-1 ,2-diamide, 

7-octene-1 ,2-diamide, 8-nonene-1 ,2-diamide, 
9-decene-1,3-diamide, 1 0-undecene- 1 ,3-diamide and 
1 1 -dodecene amide; 

alkenyttriamides, such as 

9- decene-1 ,2,3-triamide and 

10- undecene-1,2,3-triamide; and 
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compounds of the formula (7) wherein X is an epoxy group, specifically 

o>-alkenylepoxideS: such as 5-hexene epoxide, 6-heptene epoxide. 7-octene epoxide. 8-nonene epoxide, 9-decene 
epoxide, 10-undecene epoxide and 11-dodecene epoxide; and 
(o-alkenylepoxides having a branched hydrocarbon group, such as 



2-methyl-5-hexene epoxide, 2-methyl-6-heplene epoxide, 
2-methyl-7-octene epoxide, 2-methyl-8-nonene epoxide, 
2-methyl-9-decene epoxide and 
2*methyl-1 0-undecene epoxide; and 



compounds wherein X in the formula (7) is a mercapto group, such as CH2=CH-CH2-CH2-CH2-CH2-0-Ph-SH. 

[0363] Other examples of the polar group-containing monomers include compounds represented by the following 
formulas. 
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[0364] Also available are n-nonyl-1 -ol, n-nonyl-1 -carboxyllc acid, n-nonyl-1 -carboelhoxy, 1 ,2-epoxy-nonyl, (6-hexen- 
1-y!)succinic anhydride, n-undecyl-1-ol, n-dodecyl-1 -carboxyllc acid, n-dodecyl-1 -carboethoxy, 4-hexenyloxyphenol. 
4-hexenyloxy-thiophenol, n-nonyl-1 -carboxamide, n-nonyl-1 -amino and n-nonyl-1 -N-methylamino. 
[0365] In the process for preparing the polar group-containing olefin copolymer according to the first embodiment of 
the invention, the polar group-containing monomer represented by the formula (7) may be the polar group-containing 
monomer represented by the following formula (7'); 

CH2=CH 

(X-lk, ...{7') 

Wherein R^', p and X' have the same meanings as those of R^', p and X'. respectively, in the formula (3'). 
[0366] Examples of polar group-containing monomers of the fomnula (7') wherein X' is -OR include: 

oo-alkoxy-a-olefins, such as 3-methoxy-1 -propene, 5-methoxy-1 -pentene, 6-methoxy-1 -hexene, 7-methoxy-1 -hep- 
tene, 8-methoxy-1 -octene, 9-methoxy-1-nonene, 10-methoxy-1-decene, 1 1 -methoxy-1 -undecene, 5-ethoxy- 
1 -pentene. 6-ethoxy-1 -hexene, 7-ethoxy-1 -heptene, 3-ethoxy-1 -octene, 9-ethoxy-1 -nonene, 1 0-ethoxy-1 -decene, 
11 -ethoxy-1 -undecene, 5-propoxy-1 -pentene, e-propoxy-l-hexene^ 7-propoxy-1 -heptene, 8-propoxy-1 -octene, 
9-propoxy-1 -nonene, 10-propoxy-1 -decene, 11-propoxy-1 -undecene, 5-butoxy-1 -pentene, 6-butoxy-1 -hexene, 
7-butoxy-1 -heptene, 8-butoxy-1 -octene, 9-butoxy-1 -nonene, 10-butoxy-1 -decene and 11 -butoxy-1 -undecene; 
ethers having a branched hydrocarbon group, such as 

7- methoxy-7-methyM -heptene. 

8- methoxy-8-methyl-1 -octene, 

9- methoxy-8-methyl-1 -nonene, 
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10- methoxy-9-methyl-1 -decene, 
1 1 -methoxy-7-ethyl-1 -undecene, 

7- ethoxy-6-methyl-1 -heptene, 

8- ethoxy-6-ethyl-1 -octene, 9-ethoxy-7-ethyl-1 -nonene, 

5 10-ethoxy-ethyl-1-decene, 11 -ethoxy-8-p ropy 1-1 -undecene, 

6- propoxy-6-melhyl-1 -hexene, 

7- propoxy-7-methyl-1 -heptene, 

8- propoxy-8,8-dimethyl-1 -octene, 

9- propoxy-9-methyM -nonene, 

10 1 0-propoxy-9,9-dimethyl-1 -decene, 

11 - propoxy-1 0-nnethyl-1 -undecene, 
5-butoxy-5-ethyl-1 -heptene, 
6*butoxy-6,6-dimethyl-1 -hexene, 
7-butoxy-6-methyl-1 -heptene, 

1^ 8-butoxy-6-ethyl-1 -octene, 9-butoxy-9-methyl-1 -nonene, 

1 0- butoxy-8,8-dimethyl-1 -decene and 
1 1 -butoxy-8,9-diethyl-1 -undecene; 

dialkoxy-a-otefins. such as 

20 

9,10-dimethoxy-1-dodecene and 
1 0,11 -dimethoxy-1 -undecene; and 

trialkoxy-a-olefins, such as 
2S 9,1 0,1 l-trimethoxy-l -undecene. 

[0367] Examples of the polar group-containing monomer of the fonmula (7') wherein X' is -COOR include: 

co-all<enylcarboxylic acid esters, such as 

30 

methyl 5-hexenoate, methyl 6-heptenoate, 

methyl 7-octenoate, methyl 8-nonenoate, 

methyl 9-decenoate, methyl 10-undecenoate, 

methyl 11-dodecenoate, ethyl 5-hexenoate, 
35 ethyl 6-heptenoate, ethyl 7-octenoat6, 

ethyl 8-nonenoate, ethyl 9-decenoate, 

ethyl 10-undecenoate, ethyl 11-dodecenoate, 

isopropyt 5-hexenoate, Isopropyl 6-heptenoate. 

isopropyl 7-octenoate, Isopropyl 8-nonenoate, 
^0 isopropyt 9-decenoate, isopropyl 10-undecenoate, 

isopropyl 11-dodecenoate, butyl 5-hexenoate, 

butyl 6-heptenoate, butyl 7-octenoate, 

buytl-8-nonenoate, butyl 9-decenoate, 

butyl 10-undecenoate, butyl 11-dodecenoate, 

pentyl 5-hexenoate, pentyl 6-heptenoate, 

pentyl 7-octenoate, pentyl 8-nonenoate, 

pentyl 9-decenoate, pentyl 10-undecenoate and 

pentyl 11-dodecenoate; 

so alkenylcarboxylic acid esters having a straight-chain hydrocarbon group, such as 

methyl 2-methyl-5-hexenoate. methyl 2-methyl-6-heptenoate, 
ethyl 2-methyl-7-octenoate. methyl 2-methyI-8-nonenoate, 
butyl 2-methyl-9-decenoale, ethyl 2-methyl- 10-undecenoate. 
ss butyl 2-ethyl-5-hexenoate, ethyl 2-ethyl-6-heptenoate. 

isopropyl 2-ethyl-7-octenoate, ethyl 2-ethyl-8-nonenoate, 
methyl 2-ethyl-9-decenoate, ethyl 2-ethyl-10-undecenoate, 
methyl 2-propyl-5-hexenoate. methyl 2-propyl-6-heplenoate, 
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ethyl 2-propyl-7-octenoate, methyl 2-propyl-9-decenoate. 
ethyl 2-propyt-10-undecenoate, methyl 2-butyl-7-octenoate, 

methyl 2-butyl-8-nonenoate, methyl 2-butyl-9-decenoate, and methyl 2-butyl-10-undecenoate; and 
5 alkenylcarboxylic acids having a branched hydrocarbon group, such as 

butyl 2>isopropyl-5-hexenoate, 

ethyl 2MSopropyl-6-heptenoate, 

methyl 2-isopropyl'7-octenoate, 
10 methyl 2*isopropyl-8-nonenoate. 

butyl 2-isopropyl-9'decenoate, 

methyl 2-isopropyl- 1 0-undecenoate, 

methyl 2-isobutyl-5-hexenoate, 

methyl 2-t-butyl-6-heptenoate, 
IS ethyl 2-isopropyl-3-methyI-7-octenoate and 

propyl 3-isobutyl-3-methyl-9-decenoate. 

[0368] Examples of polar group-containing monomers of the formula (T) wherein X* is -CRO include: 
20 alkenylketone having a straight-chain hydrocarbon group, such as 

5-hexene-2-one, 6-heptene-2-one, 7-octene-2-onej 

8- nonene-2-one, 9-decene-2-one, 10-undecene-2-one, 
11 -dodecene-2-one, 6-heptene-3-one, 7-octene-3-one, 

25 8-nonene-3-one, 9-decene-3-one, 10-undecene-3-one, 

11 -dodecene-3-one, 7-octene-4-one, 8-nonene-4-onej 

9- decene-4-one, 1 0-undecene-4-one, 11-dodecene-4-one, 9-decene-5-one, 10-undecene-5-one and 
11 -dodecene-5-one; 

30 alkenylketone having a branched hydrocarbon group, such as 

3-methyl-6-heptene-2-one, 3-methyl-7-octene-2-one, 
3-methyl-8-nonene-2-one, 3-methyl-9-decene-2-one, 
3-ethyl-1 0-undecene-2-one, 3-methyl-11 -dodecene-2-one, 
3S 2-methyl-7-octene-3-one, 2-methyl-8-nonene-3-one, 

2- methyl-9-decene-3-one, 2-methyl-1 0-undecene-3-one, 

3- methyl-7-octene-4-one, 3-ethyl-8-nonene-4-one, 
3-ethyl-9-decene-4-one, 3-ethyl-1 0-undecene-4-one, 
3-ethyl-11-dodecene-4-one, 3-ethyl-9-decene-5-one, 

^0 3-ethyM O-undecene-5-one and 

3-elhyl-11 -dodecene-5-one; 

alkenyldiketone, such as 

8-nonene-2,4-one, 9-decene-2,4-one and 

10- undecene-2,4-one; and 

alkenyttriketone. such as 

so 10-undecene-2,4,6-one and 11-dodecene-2,4,6-one. 

[0369] Examples of the polar group-containing monomer of the formula (7') wherein X* is -NR'R" (R* and R" may be 
the same or different and are a hydrogen atom and/or a hydrocarbon group) include: 

55 co-alkenylamines, such as 

5-hexene amine, 6-heptene amine, 7-octene amine, 

8-nonene amine, 9-decene amine, 10-undecene amine and 11-dodecene amine; 
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alkenytamines having a straight-chain hydrocarbon group, such as 

2-methyl-5-hexene amine, 2-methyl-6-heptene amine, 
2-methyl-7-octene amine, 2-methyl-8-nonene amine, 

5 2-methyl-9-decene amine, 2-methyl-10-undecene amine, 

2-methyl-11-dodecene amine, 2-ethyl-5-hexene amine, 
2-ethyl-6-heptene amine, 2-ethyl-7-octene amine, 
2-ethyl-8-nonene amine, 2-ethyl-9-decene amine, 
2-ethyM 0-undecene amine, 2-propyl-5-hexene amine, 

10 2-propy1-6-heptene amine, 2-propyl-5-hexene amine, 

2-propyl-6-heptene amine, 2-propyl-7-octene amine, 
2-propyl-8-nonene amine, 2-propyl-9-decene amine, 
2-propyl-1 0-undecene amine, 2-butyl-5-hexene amine, 
2-butyl-6-heptene amine, 2-butyl-7-octene amine, 

IS 2-buty!-8-nonene amine, 2-butyl-9-decene amine and 

2-butyt-1 0-undecene amine; and 

alkenytamines having a branched hydrocarbon group, such as 

20 2-isopropyl-5-hexene amine, 2-isopropyl-6-heptene amine. 

2-isopropyl-7-octene amine, 2-isopropyl-8-nonene amine, 

2-isopropyl-9-decene amine, 

2-isopropyl-1 0-undecene amine, 

2-isobutyl-5-hexene amine, 2-t-butyl-6-heptene amine, 
25 2-lsopropyl-3-methyl-7-octene amine. 

2- methyl-3-!sopropyl-8-nonene amine, 

3- tsobutyl-3-methyl-9-decene amine, 
2,2-dimethyl-1 0-undecene amine and 
2.3,3-trimethyl-11-dodecene amine. 

30 

[0370] Also employable are 

N-alkyl-a>-alkenylamines, such as 

35 N-methyl-5-hexene amine. N-methyl-6-heptene amine. 

N-methyl-7-octene amine, N-methyl-8-nonene amine, 
N-methyl-9-decene amine, N-methyl-1 0-undecene amine, 
N-methyl-11-dodecene amice, N-ethyl-5-hexene amine, 
N-ethyl-6-heptene amine, N-ethyl-7-octene amine, 

^0 N-ethyl-8-nonene amine, N-ethyl-9-decene amine, 

N-ethyl-1 0-undecene amine and 
N-ethyl-11-dodecene amine; 

N-alkylalkenylamines having a straight-chain hydrocarbon group, such as 

45 

N-methyl-6-heptene-2-amine, N-ethyl-7-octene-2-amine, 
N-methyl-8-nonene-2-amine, N-ethyl-9-decene-2-amine, 
N-methyl-1 0-undecene-2-amine, N-ethyl-8-nonene-3-amine, 
N-methyl-9-decene-3-amine, N-ethyl-1 0-undecene-3-amine: 
so N-ethyl-8-nonene-4-amine, N-methyl-9-decene-4-amine and 

N-ethyl- 1 0-undecene-4-amine; 

N-alkylalkenylamines having a branched hydrocarbon group, such as 

ss N-methyl-2-methyl-5-hexene amine, 

N-ethyl-2-methyl-6-heptene amine, 
N-methyl-2-methyl-7-octene amine. 
N-ethyl-2-methyl-8-nonene amine, 
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N*ethyl-2-methyl-9-decene amine, 
N-methyl-2-methy-10-undecene amine. 
N-methyl-2-ethyl-7-octene amine, 
N-ethyl-2-ethyl-9-decene amine 
and N-methyl-2-ethyl-10-undecene amine; 

N,N-dialkyl-a)-alkenylamines, such as 

N,N-dimethyl-5-hexene amine, 
N.N-dimethyl-6-heptene amine. 
N,N-dimethyl-7-octene amine, 
N,N-dlmethyl-8-nonene amine, 
N,N-dimethyl-9-decene amine, 
N,N-dimethyl-10-undecene amine, 
N,N-dimethyl-1 1 -dodecene amine, 
N,N-diethyl'5-hexene amine, 

N,N-djethyl-6-heptene amine, N,N-diethyl-7-octene amine, 
N,N-diethyl-B-nonene amine, N,N-diethyl-9-decene amine, 
N,N-diethyl-10-undecene amine and 
N,N-dtethyl-11 -dodecene amine; 

N,N-dlalkylailcenylamines liaving a straight-chain hydrocarbon group, such as 

N , N-dimethyl-6-heptene-2-amine, 
N , N-diethyl-7-octene-2-amine, 
N , N-dimethyI-8-nonene-2-amine, 
N .N-diethyl-9-decene-2-amine, 
N,N-dimethyl-1 0-undecene-2-amine. 
N,N-diethyl-8-nonene-3-amine, 
N,N-dimethyl-9-decene-3-amine, 
N,N-diethyl-1 0-undecene-3-amine, 
N.N-diethyl-8-nonene-4-amjne, 
N,N-dlmethyl-9-decene-4-amine and 
N,N-diethyl-1 0-undecene-4-amine; and 

N,N-diall<ylalkenylamines having a branched hydrocarbon group, such as 

N,N-dimethyl-2-methyl-5-hexene amine, 
N,N-diethyl-2-methyl-6-heptene amine, 
N,N-dimethyl-2-methyl-7-octene amine, 
N,N-djethyl-2-methyl-8-nonene amine, 
N,N-diethyl-2-methyl-9-decene amine. 
N,N-dimethyl-2-methyl-1 0-undecene amine, 
N.N-dimethyl-2-ethyl-7-octene amine, 
N,N-diethyl-2-ethyl-9-decene amine and 
N,N-dimethyl-2-ethyl-1 0-undecene amine. 

4 

[0371] Examples of polar group-containing monomers of the fonnula (7*) wherein X' is -CONR2 (R is a hydrogen 
atom or a hydrocarbon group) include: 

co-alkenylamides, such as 

5- hexene amide, 6-heptene amide, 7-octene amide, 

8-nonene amide, 9-decene amide, 1 0-undecene amide and 11 -dodecene amide; 
atkenylamides having a straight-chain hydrocarbon group, such as 

6- heptene-2-amide, 7-octene-2-amide, 8-nonene-2-amide, 
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9-decene-2'amide. 10-undecene-2-amide, 8-nonene-3-amide, 

9- decene-3-amlde, 1 0-undecene-3-amide, 

11 -dodecene-3 -amide, 8-nonene-4-amide, 9-decene-4-amide, 

1 0- undecene-4-amide, 1 1 -dodecene-4-amide, 
5 9-decene-5-amtde and 10-undecene-5-amide; 

N-alkyl-u>-aikenylamides, such as 

N-methyl-5-hexene amide, N-methyl-6-heptene amide, 
10 N-methyl-7-octene amide, N-methyl-8-nonene amide, 

N-methyl-9-decene amide, N-methyl-10-undecene amide, 
N-methyl-11-dodecene amide, N-ethyl-5-hexene amide, 
N-ethyl-6-heptene amide^ N-ethyl-7-octene amide. 
N-ethyl-8-nonene amide, N-ethyl-9-decene amide, 
IS N-ethyl-10-undecene amide and 

N-ethyl-11-dodecene amide; 

N,N-dialkyl-o>-alkenylamides. such as 

20 N,N-dimethyl-5-hexene amide, 

N,N-dimethyl-6-heptene amide, 

N,N-dimethyl-7-octene amide, 

N,N-dimethyl'8-nonene amide, 

N,N-dimethyl-9-decene amide, 
25 N,N-dimethyl-10-undecene amide, 

N,N-dimethyt-11-dodecene amide, 

N,N-diethyl-5-hexene amide, 

N.N-diethyl-6-heptene amide, N,N-diethyl-7-octene amide, 
N,N-diethyl-8-nonene amide, N,N-diethyl-9-decene amide, 
30 N.N-diethyi-10-undecene amide and 

N,N-diethyl-11-dodecene amide; 

alkenylamides having a branched hydrocarbon group, such as 

3S 2-methyl-5-hexene amide, 2-methyl'6-heptene amide, 

2-methyl-7-octene amide, 2-methyl-8-nonene amide, 
2-methyl-9-decene amide, 2-metyl-1 0-undecene amide, 
2-ethyl-5-hexene amide, 2-ethyl-6-heptene amide, 
2-ethyl-7-octene amide, 2-ethyl-8-nonene amide, 

^ 2-ethyl-9-decene amide, 2-ethyl-10-undecene amide, 

2-ethyl-11-dodecene amide, 2-propyl-5-hexene amide, 
2-propyl-6-heptene amide, 2-propyl-7-octene amide, 
2-propyl-8-nonene amide. 2-propyl-9-decene amide, 
2-propyl-10-undecene amide, 2*propyl-11-dodecene amide, 

^s 2-butyl-5-hexene amide, 2-butyl-6-heptene amide, 

2-butyl-7-octene amide, 2-butyl-8-nonene amide, 
2-butyi>9-decene amide and 2-butyl-10-undecene amide; 

N,N-dialkylalkenylamides having a branched hydrocarbon group, such as 

50 

N,N-dimethyl-2-methyl-5-hexene amide, 
N.N-diethyl-2-methyl-6-heptene amide, 
N,N-dimethyl-2-methyl-7-octene amide, 
N , N-diethyl-2-methyl-8-nonene amide, 
55 N,N-diethyl-2-methyl-9-decene amide. 

N,N-diethyl-2-methyl-1 0-undecene amide, 
N,N-dimethyJ-2-ethyl-7-octene amide, 
N.N-dlethyl-2-ethyl-9-decene amide end 
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N,N-dimethyl-2-ethyl-1 0-undecene amide; 

alkenyldiamides, such as 

s 6-heptene-1 ,2-dlamide, 7-octene-1 ,2-dlamlde, 

8-nonene-1 ,2-diamide, 9-decene-1 ,3-diamide, 
10-undecene-1 ,3-diamide and 11-dodecene amide; and 

alkenyttriamides, such as 

10 

g-decene-1 ,2,3-trlamlde and 10-undecene-1 ,2,3-triamide. 

[0372] Examples of the polar group-containing monomer of the formula (7') wherein X' Is -OCOR (R is a hydrocarbon 

group) are: 

IS 

carboxyiic acid-<o-alkenyl, such as 

fonnic acid-5-hexenyl, formic acid-6-heptenyl, 

fomiic acid-7-octenyl. fonnic acid-8-nonenyl, 
20 fomilc acid-9-decenyl, formic acid-10-undecenyl, 

formic acid-11 <lodecenyl, acetic acid-5-hexenyl, 

acetic acid-6-heptenyl, acetic acid-7-octenyl, 

acetic acid-8-nonenyl, acetic acid-9-decenyl, 

acetic acid-10-undecenyl, acetic acid-11 -dodecenyl, 
25 propionic acid-5-hexenyl, propionic acid-6-heptenyl, 

propionic acid-7-octenyl, propionic acid-8-nonenyl, 

propionic acjd-9-decenyl, propionic acid-10-undecenyl, 

propionte acid-11 -dodecenyl, acette acid-5-hexenyl. acetic 

acid-6-heptenyt. acetic actd-7-octenyl, 
30 acetic acid-8-nonenyl. acetic acid-9-decenyl, 

acetic acid-10-undecenyl and acetic acid-11 -dodecenyl; and 

carboxyiic acid-(i>-alkenyl having a branched hydrocarbon group, such as 

35 formic acid-2-methyl-5-hexenyl, 

formic acid-2-methyl-6-heptenyl, 

formic acid-3-ethyl-7-octenyl, 

formic acld-2-methyl-8-nonenyl, 

formic acid-3-ethyl-9-decenyl, 
40 formic acid-2-methyl-10-undecenyl, 

fonnic acid-2-methyl-1 1 -dodecenyl, 

acetic acid-2-methyl-5-hexenyl, 

acetic acid-2-methyt-6-heptenyl, 

acetic acid-3-ethyl-3-ethyl-7-octenyl. 

acetic acid-2-methyl-8-nonenyl, 

acetic acld-3-ethyl-9-deceny), 

acetic acld-2-methyl-1 0-undecenyl, 

acetic acld-3-ethyl-1 1 -dodecenyl, 

propionic acid-2-methyl-5-hexenyl, 
so propionic acid-2-methyl-6-heptenyl, 

propionic acid-2-methyl-7-octenyl, 

propionic acid-2-methyl-8-nonenyl, 

propion Ic acid-2-methyl-9-deceny I , 

propionic acld-2-methyl-1 0-undecenyl, 
S5 propionic acld-2-methyl-1 1 -dodecenyl, 

butyric acld-2-methyl-5-hexenyl, 

butyric acld-2-methyI-6-heptenyl, 

butyric acld-2-methyl-7-octenyl, 
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butyric acid-3-methyl-8-nonenyl, 
butyric acid-3-methyl-9-decenyl, 
butyric acid-4-methyl-10-undecenyl and 
butyric acid-3-methyM1 -dodecenyl. 

[0373] Examples of the polar group-containing mononner of the foonula (7') wherein X' is -CN include: 

(o-alkenytnitryls, such as 

5-hexenenitryi. 6-heptenenitryl, 7-octenenitryl» 

8-nonenenitryl, 9-decenenitryl, 1 0-undecenenltryl and 11-dodecenenitryl; 

alkenylnitryls having a straight-chain hydrocarbon group, such as 

2-methyl-5-hexenenitryl, 2-methyl-6-heptenenitryl, 
2-methyl-7-octenenitryl, 2-nnethyl-8-nonenenitryl, 
2-methyl-9-decenenit(yl, 2-methyl-1 0-undecenenitryl, 
2-methyl<11 -dodecenenitryl, 2-ethyl-5-hexenenitryl, 
2-ethyl-6-heptenenltryl, 2-ethyl-7-octenenitryl, 
2-ethyl-8-nonenenitryl, 2-ethyl-9-decenenitryl, 
2-ethyl-1 0-undecenenitryl, 2-propyl-5-hexenenitryl, 
2-propyl-6-heptenenitryl, 2-propyl-7-octenenitryl, 
2-propyi-8-nonenenitryl, 2*propyl-9-decenenitryl, 
2-propyI-1 0-undecenenitryl, 2-butyl-5-hexenenltryl, 
2-butyl-6-heptenenitryl, 2-butyl-7-octenenitryl, 
2-butyl-8-nonenenltryl, 2-butyl-9-decenenitryl and 
2-buty!-1 0-undecenenitryl; 

alkenylnitryls having a branched hydrocarbon group, such as 

2-isopropyl-5-hexenenitryl, 2-isopropyl-6-heptenenitryl, 
2-isopropyl-7-octenenitryl, 2-isopropyl-8-nonenenitryl, 
2-isopropyl-9-decenenitryl, 
2-isopropyl-1 0-undecenenitryl, 
2-isobutyl-5-hexenenitryl, 2-t-butyl-6-heptenenitryl, 
2-isopropyl-3-methyl-7-octenenitryl, 

2- methyl-3-isopropyl-8-nonenetryl, 

3- isobutyl-3-methyl-9-decenenitryl, 
2,2-dlmethyl-10-undecenenitryl and 
2 ,3,3-trimethyl- 1 1 -dodece nen itryl ; 

atkenytdinitryl, such as 

10-undecene-1,2-dinitryl and 11-dodecene-1 ,2-djnitryl; and 
alkenyltrin itryl, such as 

1 0-undecene-1 ,2,3-trinitryl. 
[0374] Examples of the polar group-containing monomers of the formula (7*) wherein X' is -OH include: 
o>-aikenytalcohols, such as 

4- pentene-1-ol, 5-hexene-1-ol, 6-heptene-1-ol, 7-octene-1-ol, 8-nonene-1 -ol, 9-decene-1-ol, 
1 0-undecene-1 -ol and 1 1 -dodecene-1 -ol ; 

alcohols having a straight-chain hydrocarbon group, such as 
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5- hexene-2-ol, 6-heptene-2-ol, 7-octene-2-ol. 

8- nonene-2-ol, 9-decene-2-oL 10-undecene-2-ol, 

6- heptene-3-ol, 7-octene-3-ol, 8-nonene-3-ol, 

9- decene-3-o!, 10-undecene-3-ol, 

5 11-dodecene-3-ol, 7-octene-4-ol, 8-nonene-4-ol, 9-decene-4-ol, 10-undecene-4-ol. 8-nonene-5-ol, 

9-decene-5-ot and 10-undecene-5-o); 

alcohols having a branched hydrocarbon group, such as 

10 2-ethyl-5-hexene-1-ol, 3-methyl-6-heptene-1-ol, 

3-nriethyl-7-octene-1 -ol, 4-methyl-8-nonene-1 -ol, 

3-ethyl-9-decene-1-ol, 2-methyl-10-undecene-2-ol, 

2,2-dlmethyl-7-octene-1 -ol, 

3-ethyl-2-methyl-8-nonene-1 -ol, 
IS 2,2,3-trimethyl-9-decene-1-ol and 

2,3,3, 4-tetramethyl-1 0-undecene-2-ol; 

diols, such as 

20 9-decene-1 ,2-diol, 1 0-undecene-1 ,2-diol, 

11-dodecene-1,2-diol and 11-dodecene-1,2-diol; and 

triols, such as 10-undecene-1 ,2,3-triol. 

25 [0375] Examples of the polar group-containing monomer of the fom^ula (7') wherein X' is -CHO Include: 

(o-alkenylaldehydes, such as 

5-hexenal, 6-heptenal, 7-octenal, 8-nonenal, 9-decenal, 
30 10-undecenal and 11-dodecenal; 

alkenylaldehydes having a straight-chain hydrocarbon group, such as 

2-methyl-5-hexenal, 2-methyl-6-heptenal, 
35 2-methyl-7-octenal, 2-methyl-8-nonenal, 

2-methyl-9-decenal, 2-methy(-10-undecenal, 

2-methyl-11 -dodecenal, 2-ethyl-5-hexenal, 

2-ethyl-6-heptenal, 2-ethyl-7-octena!, 

2-ethyl-8-nonenal, 2-ethyl-9-decenal , 
40 2-ethyl-10-undecenal, 2-propyl-5-hexenal 

2-propyl-6-heplenal, 2-propyl-7-octenal, 

2-propyl-8-nonenal, 2-propyl-9*decenal, 

2-propyl-1 0-undecenal, 2-butyl-5-hexenal, 

2-butyl-6-heptenal, 2-butyl-7-octenal, 
45 2-butyt-8-nonenal, 2-buty I -9-decenal and 

2-butyl- 10-undecenal; and 

alkenylaldehydes having a branched hydrocarbon group, such as 

50 2-lsopropyl-5-hexenal, 2-isopropyl-6-heptenah 

2-lsopropyl-7-octenal. 2-isopropyl-8-nonenal, 
2-isopropyl-9-decenal, 2-isopropyl-1 0-undecenal, 
2-isobutyl-5-hexenal, 2-t-butyl-6-heptenal, 

2- isopropyl-3-methyl-7-octenal, 
5S 2-methyI-3-isopropyl-B*nonenal, 

3- isobutyl-3-methyl-9-decenal. 
2,2-dimethyt-1 0-undecenal and 
2,3,3-trimethyl-1 1 -dodecenal. 
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[0376] Examples of the polar group-containing monomers of the fonnula (7*) wherein X' is -COOH include: 

co-alkenylcarboxylic acids, such as acryl acid, 5-hexenoic acid. 6-heptenoic acid. 7-octenoic acid, 8-nonenoic acid, 
g-decenoic acid, 1 0-undecenolc acid and 11-dodecenoic acid; 
allcenylcarboxylic acids having a straight-chain hydrocarbon group, such as 



2>methyl-5-hexenoic acid, 2-methyl-6-heptenolc acid, 
2-methyl-7-octenoic acid, 2-methyl-8-nonenoic acid, 
2-methyl-9-decenoic acid, 2-methyl-10-undecenoic acid. 
2-methyt-11-dodecenoic acid. 2-ethyl-5-hexenoic acid, 
2*ethyl-6-heptenoic acid, 2-ethyl-7-octenoic acid, 
2-ethyl-8-nonenoic acid, 2-ethyl-9-decenoic acid, 
2-ethy[-10*undecenoic acid, 2-propyl-5-hexenoic acid, 
2-propyl-6-heptenoic acid, 2-propyl-7-octenoic acid, 
2-propyl-8-nonenoic acid, 2-propyl-9-decenoic acid, 
2-propyI-10-undecenoic acid, 2-butyl-5-hexenoic acid, 
2-butyl-6-heptenoic acid, 2-butyl-7-octenoic acid, 
2-butyl-8-nonenoic acid, 2-butyl-9-decenoic acid and 
2-butyl-1 0-undecenoic acid; and 

alkenylcarboxylic acids having a branched hydrocarbon group, such as 



2-isopropyl-5-hexenoic acid, 
2-isopropyl-6-heptenoic acid, 
2-isopropyl-7-octenoic acid, 
2-isopropyl-8-nonenoic acid, 
2-isopropyl-9-decenoic acid, 
2- isopropy 1-1 0-undecenoic acid, 
2-isobutyl-5-hexenoic acid, 
2-t-butyl-6-heptenoic acid, 
2-isopropyl-3-methyl-7-octenoic acid, 

2- methyl-3-isopropyl-8-nonenoic acid, 

3- isobutyl-3-methyl-9-decenoic acid, 
2, 2-dimethyl-1 0-undecenoic acid and 
2,3,3-trimethyl-1 1 -dodecenoic acid. 

[0377] Examples of the polar group-containing monomer of the formula (7') wherein X' is an epoxy group include: 

o)-alkenylepoxides, such as 

5-hexene epoxide, 6-heptene epoxide, 7-octene epoxide, 
8-nonene epoxide, 9-decene epoxide, 10-undecene epoxide and 
11 -dodecene epoxide; and 

alkenylepoxides having a branched hydrocarbon group, such as 

2-methyl-5-hexene epoxide, 2-methyl-6-heptene epoxide, 
2-methyl-7-octene epoxide, 2-methyl-8-nonene epoxide. 
2-methyl-9-decene epoxide and 
2-methy I- 10-undecene epoxide. 
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wherein R^, R®, Y, m, n and s have the same meanings as those of R^, R^. Y, m, n and s, respectively, in the 
formula (6). 

[0378] In the above formula (8), and RQ are preferably a direct bond or a hydrocarbon group of 1 to 10 carbon 
atoms and Y Is preferably -OR, -COOR, -CRO, -NRg, an epoxy group, 

-CNRj -OCR 
II II 

o , o 

(R is a hydrogen atom or a hydrocarbon group), -C=N, -OH, -COOH or -NH2. 

[0379] Examples of polar group-containing monomer represented by the formula (8) wherein Y is -OR (R is a hydro- 
gen atom or a hydrocarbon group) include 

bicycllc monoethers such as 
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tetracyclic monoethers such as 
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, and 

tetracyclic diethers such as 




[0380] Examples of polar group-containing monomer represented by the formula (8) wherein Y is -COOR 
hydrogen atom or a hydrocarbon group) Include 

bicycllc carboxylic acid esters such as 
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COOCH2CH2CH2CH3 



bicyclic dicarboxylic acid esters such as 
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tetracyclic monocarboxylic acid esters such as 




tetracyclic dicarboxylic acid esters such as 
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, and 

acid anhydrides such as 




[0381] Examples of polar group-containing monomer represented by the formula (8) wherein Y is -CRO (R is a 
hydrocarbon group) include 

bicyclic ketones such as 
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10 



15 



20 



25 



30 



35 



40 



45 







COCH2CH3 





COCH3CH2CH2CH3 



CH2COCH2CH2CH3 



CH2COCH3 
CH2CH3 
CH2CH2COCH3 




CH2CH2COCH3 
CH2CH2CK3 

^^'^^N.^^^^^H2C H 2CH2COC H 3 

^'^'-^'''^'^^H2CH3 

COCH2CH2CH3 






CH2COCH2CK3 



CH2COCH2CH2CH2CH3 



so bicyclic diketones such as 
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20 




tetracyclic ketones such as 

25 



35 



50 




, and 
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tetracyclic diketones such as 




COCH, 



COCH3 





CH2COCH3 



CH2COCH3 




CH2CH2COCH3 



CH2COCH3 



[0382] Examples of polar group-containing monomer represented by the formula (8) wherein Y is -NR2 (R is a hy- 
drogen atom or a hydrocarbon group) include 

bicyclic amines such as 




N(CH3); 




CHjNCCHg). 




CH2N{CH3)2 




CHjCHjNCCHajj 




CHjCHaCHjNlCKjjj 




.(GH2>4N(CH3)2 




(CH2)sN(CH3)2 




CH2)6N(CH3)2 




(CH2)7N(CH3)2 




.(CH2)8N(CH3)2 




(CH2)9N{CH3)2 
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■N{CH3)2 





CH2N (CH3)2 





CH2NHCH3 
H2CH3 

CH2NHCH2CH3 



bicyclic diamines such as 



CH2NHCH3 






CH2N(CH3) 2 
CH2CH3 

H2NKCH3 




(CH2)3N(CH2CH3)2 



H2N{CH2CH3)2 




H2N (CH2CH3) 2 




CH2N(CH2CH3)2 




-(CH3) 2NHCH3 



CH2N(CH3)2 




aCH2N(CH3)2 




CH2CH2N(CH3)2 



CH2CH2N(CK3); 




tetracyclic amines such as 
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N(CH3)2 




N(CH3)2 





, and 

tetracyclic diamines such as 



N(CH3)2 
CH2CH3 
CH2N(CH3)2 




CH2N(CH3) 




CH2N(CH3) 



CH2CH3 




N{CH3)2 



N(CH3)2 





CH2N(CH3). 



CH2N(CH3)2 




CH2CH2NH2 



CH2N(CH3) 



[0383] Examples of polar group-containing monomer represented by the fonnula (8) wherein Y is 

-CNR, 

II 

o 

(R is a hydrogen atom or a hydrocarbon group) include 
bicyclic amides such as 
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bicyclic diamides such 
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tetracyclic diamides such as 
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ONH- 



CONH. 




H2CONH2 



CH2CONH2 




CH2CONH2 



[0384] Examples of polar group-containing monomer represented by the formula (8) wherein Y is 

-OCR 



(R is a hydrogen atom or a hydrocarbon group) include 
bicyclic esters such as 
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bicyclic diesters such as 
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tetracyclic diesters such as 
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10 



15 




COCH3 

OCOCH3 
CH2OCOCH3 

CH2OCOCH3 





COCH3 

CH2CH2OCOCH3 
CH2OCOCH3 



[0385] Examples of polar group-containing nnonomer represented by the formula (8) wherein Y is -C ^ N include 
bicyclic hitriles such as 



20 



35 



40 



45 



50 
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45 



50 
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bicyclic dinitriles such as 
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tetracyclic nitriles such as 




, and 

tetracyclic dinitriies such as 
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[0387] Examples of polar group-containing monomer represented by the formula (8) wlierein Y is -COOH include 
bicycllc monocarboxylic acids such as 
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COOK 









CHjCOOH 

H2CH2 
CH2CH2COOH 

CH3 

CH2CK2COOH 

CH2CH2CH2 
CH2CH2CH2COOH 

CH2CH3 

H(COOH)CH2CH3 




CH(C00H)CH3 




H2C(CH3)2CH2C00H 



CH2CH3 







H2COOH 
H2OH2CH3 
CH2CH2COOH 
CH2OH3 

CH2CH2CH2COOH 




CH (COOH) CH3 




CH2CH(COOH)CH3 




CH(COOH)CH2CH3 



COOH 



H2CH2CH3 



bicyclic dicarboxyiic acids such as 
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tetracyclic dicarboxylic acids such as 
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[0388] Examples of polar group-containing monomer represented by the fomiula (8) wherein Y Is -CHO include 
bicyctic aldehydes such as 
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tetracyclic aldehydes such as 




, and 

tetracyclic dialdehydes such as 
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tetracyclic diamines such as 



5 



10 



15 




[0390] In this invention, it is also possible to copolymerize polyenes with the a-olefins and the polar group -containing 
^ monomers. Exemplified polyenes are olefins having an aliphatic ring or an aromatic ring, such as cyclopentene, cy- 
cloheptene, 2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, styrene and vinylcyclohexane; 
chain or cyclic diene, such as butadiene, isoprene, 1 ,4-hexadiene, dicyclopentadiene, 5-ethylidene-2-norbornene, 
7-methyl-1,6-octadiene; chain or cyclic triene, such as 6,10-dimethyl-1,5,9-undecatriene and 5,9-dimethyl-1 ,4,8-dec- 
atriene; and chain or cyclic tetraene, such as 6,10,14-trimethyl-1 ,5,9,13-pentadecatetraene and 5,9,13-trimethyl- 
25 1 ,4,8,1 2-tetradecatetraene. 

[0391] In one process for preparing a polar group-containing copolymer according to the first embodiment of the 
invention, at least one olefin selected from the above-mentioned a-olefin of 2 to 20 carbon atoms Is polymerized with 
a polar group-containing monomer represented by the formula (7) and/or a polar group-containing monomer repre- 
sented by the formula (8) In the presence of the aforesaid olefin polymerization catalyst under the following polynrier- 
30 ization conditions. 

[0392] When the polar group-containing monomer is such a monomer that X in the formula (7) is -OH and Y in the 
formula (8) is -OH, it is preferable to use a transition metal compound (A) represented by any one of the formulas (11) 
to (16), more preferably a transition metal compound (A) represented by any one of the fomnulas (11) to (15). When 
the polar group-containing monomer is such a monomer that X in the fonnula (7) is -NR'R" (R' and R" may be the same 
35 as or different from each other and are a hydrogen atom and an alkyl group) and Y in the formula (8) is -NR2 (R is 
hydrogen or an alkyl group), it is preferable to use a transition metal compound (A) represented by any one of the 
formulas (11) to (16), more preferably a transition metal compound (A) represented by any one of the formulas (11), 
(12), (14). (15) and (16). 

[0393] In the process for preparing a polar group-containing copolymer according to the first embodiment of the 
40 invention, a polar group can be selectively introduced to a tenninal end of a polymer chain or inside of the main chain 
by the selection of type of polar group and reaction conditions. Further, characteristics of the polar group-containing 
polymer can be diversified by using two or more kinds of olefins at polymerization. 

[0394] Deactivation of the catalyst by the functional group-containing monomer can be made as low as possible by 
previously contacting the transition metal compound (A) and/or the polar group-containing monomer with the organoa- 
45 luminum compound. 

[0395] To contact the polar group-containing monomers with the organoalumlnum compound, there are a method 
of previously contacting them prior to adding them to the polymerization system and a method of adding the two com- 
ponents successively to the polymerization system, and any of these methods Is useful 

[0396] To contact the transition metal compounds with the organoalumlnum compound, there are a method of pre- 
so viously contacting them prior to adding them to the polymerization system and a method of adding the two components 
successively to the polymerization system similariy to the above, and any of these methods is useful. 
[0397] In the polymerization, the transition metal compound (A) is used in an amount of usually about 0.00005 to 
0.1 mmol, preferably about 0.0001 to 0.05 mmol, In terms of the transition metal atom, based on 1 liter of the polym- 
erization volume. 

[0398] The organoalumlnum oxy-compound (B-1 ) Is used in such an amount that the amount of the aluminum atom 
becomes usually about 1 to 10,000 mol, preferably 10 to 5.000 mol, based on 1 mol of the transition metal atom. 
[0399] The ionizing ionic compound (B-2) is used in such an amount that the amount of the boron atom becomes 
usually about 0.5 to 500 mol. preferably 1 to 100 mol, based on 1 mol of the transition metal atom. 
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[0400] The organoaluminum compound (B-3) is used in such an amount that the amount of the aluminum atom 
becomes usually about 10 to 500 mol^ preferably about 20 to 200 mol, based on 1 mol of the transition metal atom. 
[0401] When the organoaluminum oxy-compound (B-1 ) and the organoaluminum compound (B-3) are used in com- 
bination, the organoaluminum compound (B-3) is used when needed in an amount of usually about 0 to 200 mol, 
5 preferably about 0 to 100 mol, based on 1 mo! of the aluminum atom in the organoaluminum oxy-compound (B-1). 
When the ionizing ionic compound (B-2) and the organoaluminum compound {B-3) are used in combination, the or- 
ganoaluminum compound (B-3) is used when needed in an amount of usually about 0 to 1000 mol, preferably about 
0 to 500 mol, based on 1 mol of the boron atom in the ionizing ionic compound (B-2). 

[0402] When the organosilicon compound (C) is used, this compound is used in an amount of 1 to 10000 mol, pref- 
10 erably 10 to 5000 mol, based on 1 mol of the transition metal atom. 

[0403] When the dialkylzinc compound (D) is used, this compound is used in an amount of 1 to 1 0000 mol, preferably 
10 to 5000 mol, based on 1 mol of the transition metal atom. 

[0404] When hydrogen is used, the hydrogen is used in an amount of 1 0-^ to 1 mol, preferably 1 0"^ to 1 0""" mol, based 
on 1 mol of the total of the olefin and the polar group-containing monomer used in the polymerization. 
IS [0405] Although there is no specific limitation on the ratio between the polar group-containing monomer and the 
transition metal atom, the polar group-containing monomerAransition metal atom molar ratio is in the range of usually 
1/1 00 to 1 0000/1 , preferably 1/1 0 to 5000/1 . 

[0406] Copolymerization of an olefin and the polar group-containing monomer can be carried out by any of a liquid 
phase polymerization process such as suspension polymerization or solution polymerization, a gas phase polymeri- 

20 zation process and a high-pressure process. 

[0407] In the liquid phase polymerization, an inert hydrocarbon medium is used, and examples thereof include aliphat- 
ic hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and keroslne; all- 
cyclic hydrocarbons, such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as 
benzene, toluene and xylene: and halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichlo- 

25 romethane. The olefin Itself can be sued as a solvent. These solvents may be used in combination. 

[0408] When the suspension polymerization is conducted, the polymerization temperature is usually In the range of 
-50 to 100°C, preferably 0 to 90°C; when the solution polymerization is conducted, the polymerization temperature is 
usually in the range of 0 to SOO^'C, preferably 20 to 250''C; when the gas phase polymerization is conducted, the 
polymerization temperature is usually in the range of 0 to 120*'C, preferably 20 to 100**C; and when the high-pressure 

30 process is conducted, the polymerization temperature is usually in the range of 50 to 1 0OO'C, preferably 100 to 500*0. 
The polymerization pressure is usually in the range of atmospheric pressure to 100 kg/cm^, preferably atmospheric 
pressure to 50 kg/cm^. In case of the high-pressure process, the pressure is usually in the range of 100 to 10000 kg/ 
cm2, preferably 500 to 5000 kg/cm^. The polymerization reaction can be carried out by any of batchwise, semi-contin- 
uous and continuous processes. Further, the polymerization can be carried out In two or nriore steps under different 

35 reaction conditions. 

[0409] The molecular weight of the resulting polar group-containing olefin copolymer can be regulated by controlling 
the amount of hydrogen, the organosilicon compound or the dialkylzinc compound or changing the polymerization 
temperature or the polymerization pressure. 

[0410] In the process for preparing a polar group-containing copolymer according to the first embodiment of the 
40 invention, an a-olefin of 2 to 20 carbon atoms and a polar group-containing monomer represented by the following 
formula (7") and/or (8*) are copolymerized in the presence of a catalyst comprising: 

(A) the transition metal compound, and 

(B) at least one compound selected from: 

45 

(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an ion pair, and 
(B-3) an organoaluminum compound. 

50 

CH2=CH-R^ -X"p (7") 

wherein R3" is a hydrocarbon group of 2 or more carbon atoms, X" is -OR, -COOR, -CRO: -C(0)NR2, -0C(0) 
R (R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^N or -NH2, and p is a positive integer 
55 of 1 to 3. 

The polar group-containing monomer represented by the fonnula (7") is. for example, the polar group- 
containing monomer represented by the aforesaid fonnula (7') wherein X is other group than OH and -NR2. 
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5 




. . . (8' ) 

wherein is a direct bond or an aliphatic hydrocarbon group of 1 or nriore carbon atoms, is a hydrogen 
atom, a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms, Y' is -OR, -COOR, -CRO, 
-C(0)NR2. -OC(0)R (R Is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^n or -NHg. m and 
n are each an Integer of 0 to 2, m+n is not 0, and p is 0 or 1 . 

The polar group-containing monomer represented by the formula (8') Is, for example, the polar group- 
containing monomer represented by the aforesaid fomiula (8) wherein Y is other group than -OH and -NR2. 

Such polar group-containing monomers can be used singly or In combination of two or more kinds. 

The potymerization conditions are the same as used above. 

Next, the process for preparing a polar group-containing olefin copolymer according to the second em- 
bodiment of the invention is described. 

The process for preparing a polar group-containing olefin copolymer according to the second embodiment 
of the invention comprises copolymerizing at least one a-olefin selected from a-olefins of 2 to 20 carbon atoms, 
a macromonomer represented by the following formula (9), and at least one polar group-containing monomer 
selected from a polar group-containing monomer represented by the above formula (7) and a polar group- 
containing monomer represented by the above formula (8) in the presence of the olefin polymerization catalyst 
comprising: 



(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 
1 0 of the periodic table, preferably a transition metal compound represented by any one of the above 
fomriulas(11)to(15); 

30 and 

(B) at least one compound selected from: 



(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to form an ion pair, and 
3s (B-3) an organoaluminum compound; 



40 



CH2=CH 

f 

(W)^-fR6)r-fO-Z)p 



(9) 



wherein R^, R6, z, W, p, q and r have the same meanings as those of RS, RS, Z. W, p, q and r in the 
formula (4), respectively. 

[041 1 ] When a polar group-containing monomer represented by the formula (7) is used as the polar group-containing 
monomer in the invention, the aforesaid second embodiment of the polar group-containing olefin copolymer of the 
so Invention Is obtained. 

[0412] Examples of macromonomers represented by the formula (9) include the following macromonomers. 
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10 
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35 



40 



45 



etc. 

[0413] The macromonomer can be prepared by the use of, for example, the polar monomer (later described), and 
specifically, the macromonomer can be prepared by producing a polymer segment from the polar group of the polar 
group-containing monomer through anionic polymerization, ring-opening polymerization or polycondensation similarly 
to the following process (i). 

[0414] The copolymerization of the a-olefin of 2 to 20 carbon atoms and the macromonomer represented by the 
formula (9) is carried out using the same olefin polymerization catalyst as used in the copolymerization of an a-olefin 
of 2 to 20 carbon atoms and the polar group-containing monomer represented by the formula (10) in the following 
process (i) under the same conditions as used in the copolymerization of an a-olefin of 2 to 20 carbon atoms and the 
polar group-containing monomer represented by the fonnula (10) in the following process (i). 

[0415] In the process for preparing a polar group-containing copolymer according to the second embodiment of the 
invention, at least one olefin selected from the above-mentioned a-olefin of 2 to 20 carbon atoms, a macromonomer 
represented by the formula (9) and at least one polar group-containing monomer selected from the group consisting 
of a polar group-containing monomer represented by the formula (7) and a polar group-containing monomer repre- 
sented by the formula (8) are polymerized in the presence of the aforesaid olefin polymerization catalyst under the 
same polymerization conditions as in the process for preparing the polar group-containing olefin copolymer according 
to the first embodiment. 

[0416] The process for preparing a polar group-containing olefin copolymer according to the third embodiment of 
the invention comprises copolymerizing at least one a-olefin selected from a-olefins of 2 to 20 carbon atoms, a polar 
group-containing monomer represented by the following fonnula (10) (also referred to as a "polar group -containing 
monomer (10)" hereinafter), and optionally, a polar group-containing monomer represented by the above formula (8) 
in the presence of the catalyst comprising: 



50 



(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 1 0 of 

the periodic table, and 

(B) at least one compound selected from: 
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(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to fomi an ion pair, and 
(B-3) an organoaluminum compound. 



and then conducting any one of the following steps (i) and (ii). to prepare a branched type polar group- 
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containing olefin copolymer; 

CH2=CH 

(R')m-(W)„ ...(10) 

wherein RS, rS, m, W and n have the same meanings as those of R5, R6, m, W and n in the formula (5), respectively; 

(i) from the W portion of the copolymerlzed polar group-containing monomer (1 0), a Z portion is formed by anionic 
polymerization: ring-opening polymerization or polycondensation; 

(ii) the W portion of the copolymerized polar group-containing monomer (10) is allowed to react with a temriinal 
functional group of a polymer obtained by anionic polymerization, ring-opening polymerization and polyconden- 
sation. 

[0417] The process (i) is described below in more detail. 

[0418] In the process (i), an a-olefin of 2 to 20 carbon atoms and the polar group-containing monomer (10), and 
optionally a polar group-containing monomer represented by the formula (8) are copolymerized to prepare a functional 
group-containing olefin copolymer, and then from the polar group contained in the W portion of the copolymerized 
functional group-containing monomer, a polymer segment (Z) Is fonmed by anionic polymerization, ring-opening po- 
lymerization or polycondensation. 

[041 9] When a polymer segment is formed from the polar group contained In any one of W portions in the constituent 
unit of the functional group-containtng olefin copolymer, said constituent unit being derived from the polar group-con- 
taining monomer (1 0), this constituent unit becomes the constituent unit (4). When no polymer segment is formed from 
the polar group contained in any one of W portions in the constituent unit of the polar group-containing olefin copolymer, 
said constituent unit being derived from the polar group-containing monomer (10), this constituent unit becomes the 
constituent unit (5). 

[0420] Examples of the a-olef ins of 2 to 20 carbon atoms include ethylene, propylene, 1 -butene, 2-butene, 1 -pentene. 

3- methyl-1 -butene, 1-hexene, 4-methyl-1 -pentene, 3-methyl-1 -pentene, 3-elhyl-1 -pentene, 4,4-dimethyl-1 -pentene, 

4- methyl-1 -hexene, 4,4-dimethyl-1-hexene, 4-ethyl-1 -hexene, 3-ethyl-1 -hexene, 1-octene, 1-decene, 1-dodecene, 
1 -tetradecene, 1 -hexadecene, 1 -octadecene and 1-eicosene. Of these, preferable are at least two a-olefins selected 
from ethylene, propylene, 1 -butene, 4-methyl-1 -pentene, 1 -hexene and 1-octene. 

[0421 ] Examples of the polar group-containing monomer (1 0) include: 

compounds represented by the formula (10) wherein W is a hydroxyl group, specifically 

(o-alkenyl alcohols, such as 4-pentene-1-ol, 5-hexene-1-oI, 6-heptene-1-ol, 7-octene-1 -ol, 8-nonene-1-ol, 
9-decene-1-ol. 10-undecene-1-of and 11-dodecene-1-ol; 
alcohols having straight-chain hydrocarbon groups, such as 

5- hexene-2-ol, 6-heptene-2-ol, 7-octene-2-ol, 

8- nonene-2-ol, 9-decene-2-ol, 10-undecene-2-ol, 

6- heptene-3-ol, 7-octene-3-ol, 8-nonene-3-ol, 

9- decene-3-ol, 10-undecene-3-ol, 
11-dodecene-3-ol, 7-octene-4-ol, 8-nonene-4-ol, 
9-decene-4-ol, 10-undecene-4-ol, 8-nonene-5-ol, 
9-decene-5-ol and 10-undecene-5-ol; 

alcohols having branched hydrocarbon groups. 

such as 

2- ethyl-5-hexene-1-ol. 3-methyl-6-heptene-1-ol, 

3- methyl-7-octene-1 -ol, 4-methyl-8-nonene-1 -ol, 
3-ethyl-9-decene-1 -ol, 2-methyl-1 0-undecene-2-ol, 
2,2-dimethyl-7-octene-1 -ol, 
3-ethyl-2-methyl-8-nonene-1 -ol, 
2,2,3-trimethyl-9-decene-1 -ol and 



119 



EP1 186 619 A2 



10 



15 



2,3,3,4-letramethyl-10-undecene-2-ol; 

diois, such as 

9-decene-1 .2-diol. 1 0-undecene-1 .2-diol. 
11.dodecene-1.2-diot and 11 -dodecene-1 .2-diol; and 



triols, such as 1 0-undecene-1 .2,3-triol; and specifically 

Tpoxide 10-undecene epoxide and 11-dodecene epoxide and 
Skenilepoxides having branched hydrocarbon groups, such as 



2-methyl-5-hexene epoxide. Z-methyl-B-heptene epoxide, 
2-methyl-7-octene epoxide. 2-methyl-B-nonene epoxide. 
2-methyl-9-decene epoxide and 
2-rtiethyl-10-undecene epoxide. 



[0422] 



Purther.exan^.esotthepoiargroup.ontainingr.onorner(10)a.soinc.udethefo.,o.ingcon,pounds. 
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[0423] Also available are n-nonyl-1 -ol 1 ,2-epoxy-nonyl, n-undecyl-1-ol, and 4-hexenyloxyphenol. 
[0424] The copolymerlzation of the a-olefin of 2 to 20 carbon atoms and the polar group-containing monomer (10), 
and optionally a polar group-containing monomer represented by the fomnula (8) is carried out in the presence of, for 
example, the above mentioned olefin polymerization catalyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 10 of the 
periodic table, and 

(B) at least one compound selected from: 
(B-1) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to fonn an ion pair and 
(6-3) an organoaluminum compound, 

under the same polymerization conditions as in the process for preparing the polar group-containing olefin copol- 
ymer according to the first embodiment. 

[0425] Then, from the W portion of the copolymerized polar group-containing monomer (10) in the functinal group- 
containing olefin copolymer obtained as above, a Z portion is formed by anionic polymerization, ring-opening polym- 
erization or polycondensation. 

[0426] To prepare the Z portion from the w portion of the copolymerized polar group-containing monomer (10) by 
anionic polymerization, ring-opening polymerization or polycondensation, for example, a polar monomer is subjected 
to anionic polymerization in the presence of the polar group-containing olefin copolymer and a proton abstracting agent 
or in the presence of the polar group-containing olefin copolymer, a proton abstracting agent and an active hydrogen 
compound. 

[0427] Examples of the polar monomers include the examples at the aforesaid constituent unit (4) such as (meth) 
acrylic esters, (meth)acrylonitriles, acrylamides, vinylpyridines, N-substituted maleimides, vinyl ketones and styrene 
derivatives. 

[0428] Of these polar monomers, compounds having two or more ethylenically unsaturated bonds in one molecule 
give highly crosslinked polymers in the polymerization of the compounds themselves, but when the compounds are 
copolymerized with polar group-containing ethylenically unsaturated monomers having only one ethylenically unsatu- 
rated bond, main chains of the polymers produced from the polar group-containing ethylenically unsaturated monomers 
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having only one ethylenically unsaturated bond can be crosslinked to each other. 

[0429] Of the above polar monomers, preferable are monoesters of monohydric alcohols and acrylic acid or meth- 
acrylic acid, monoesters of dihydric alcohols having one end protected by an ether bond and acrylic acid or methacrylic 
acid, polyesters wherein all hydroxyl groups of dihydric or higher alcohols and acrylic acid or methacrylic acid are 
esterified. acrylonitrile, methacrylonltrite. N.N-disubstituted monoacrylamides, vinyl or isopropenyl substituted pyrid- 
ines, N-aromatic substituted mateimides and vinyl ketones. 

[0430] More preferable are monoesters of monohydric alcohols and acrylic acid or methacrylic acid, monoesters of 
dihydric alcohols having one end protected by an ether bond and acrylic acid or methacrylic acid, polyesters wherein 
all hydroxyl groups of dihydric or higher alcohols and acrylic acid or methacrylte acid are esterified, acrylonitrile, meth- 
acrylonitrile and N,N-disubstituted monoacrylamides. 

[0431 ] Examples of the polar monomers Include examples at the aforesaid constituent unit (4) such as alkylene oxide 
compounds. 

[0432] The polar monomers can be used singly or in combination of two or more kinds. In the use of a combination 
of two or more polar monomers, a combination of the above polar monomer other than the alkylene oxide compound 
(such a monomer being sometimes referred to as an "ethylenteally unsaturated monomer" hereinafter) and an alkylene 
oxide compound is preferable. 

[0433] In the copolymerization using plural polar monomers in combination, use of plural ethylenically unsaturated 
monomers, use of a single ethylenically unsaturated monomer and plural alkylene oxide compounds, use of plural 
ethylenically unsaturated monomers and a single alkylene oxide compound, or use of plural ethylenically unsaturated 
monomers and plural alkylene oxide compounds is available, and for adding these components to the polymerization 
reactor, a method of adding at the same time, a method of adding successively, or a method of repeating successive 
addition is adoptable. 

[0434] If plural polar monomers are used in combination and copolymerized at the same time, a polymer segment 
composed of a copolymer of relatively high randomness is obtained, though it depends upon a difference between 
reactivities of the compounds used. If two or more monomers are copolymerized successively, a polymer segment 
composed of a block copolymer containing two or more blocks is obtained. If such successive addition Is repeated, a 
polymer segment composed of a complicated copolymer is obtained. 

[0435] Above all, it is preferable to use the ethylenically unsaturated monomer and the alkylene oxide compound 
successively to prepare a polymer segment composed of a block copolymer fonmed from the plural monomers. In this 
case, it is more preferable that the alkylene oxide compound is propylene oxide or ethylene oxide, and it is still more 
preferable that the alkylene oxide is propylene oxide. 

[0436] The active hydrogen compound is, for example, an active hydrogen compound having active hydrogen on 
the carbon atom, an active hydrogen compound having active hydrogen on the oxygen atom, an active hydrogen 
compound having active hydrogen on the nitrogen atom, or an active hydrogen compound having active hydrogen on 
the sulfur atom. 

[0437] Examples of the active hydrogen compounds having active hydrogen on the carbon atom include hydrogen 
cyanide; monocarboxylic esters, such as ethyl acetate, cyclohexyl propionate, isopropyi butyrate, methyl isobutyrate, 
tert-butyl isobutyrate, hexyl caproate. butyl laurate, methyl stearate, ethyl oleate, methyl phenylacetate, methyl cy- 
clohexanecarboxylate. 1 ,2-bis(2-propylcarbonyloxy)ethane and 1 ,2,3-tris(2-propylcart)onyloxy)propane; polycarboxy- 
lic esters, such as dimethyl malonate, dimethyl methylmalonate, diethyl succinate, butyl 2.3-dimethylsuccinate, methyl 
adipate, ethyl suberate, methyl butanetetracarboxylate, 1 ,2-bis(2-methoxycarbonylethoxy)ethane, 1 .2-bis(2-ethoxy- 
carbonylpropoxy)ethane, 1 ,2-bis(2-ethoxycarbonylpropylmercapto)ethane and N,N,N*,N'-tetrakis(2-butoxycarbonyl- 
propyl)ethylenediamine; ketocarboxylic esters, such as ethyl acetoacetate, cyclopentyl acetoacetate, methyl car- 
bamoylacetate, ethyl 2-cyclohexylcarbonylacetate and butyl benzoylacetate; nitriles, such as acetonitrite, 2-cyanopro- 
pane, malononitrile, methyl malononitrile, 1 ,3-dicyanopropane and adiponitrile; and ketones, such as acetone, methyl 
ethyl ketone, diisopropyl ketone, drcyclohexyl ketone, acetophenone and isopropyi phenyl ketone. 
[0438] Examples of the active hydrogen compounds having active hydrogen on the oxygen atom include water; 
monohydric alcohols, such as methanol, ethanol, n-propanol, isopropanol, n-butyl alcohol, sec-butyl alcohol, tert-butyl 
alcohol, isopentyl alcohol, tert-pentyl alcohol n-octyl alcohol, lauryl alcohol, cetyl alcohol, cyclopentanol, cyclohexanol, 
allyl alcohol, crotyl alcohol, methylvinylcarbinol, benzyl alcohol, 1-phenylethyl alcohol, triphenylcarbinol, cinnamyl al- 
cohol, perfluoro-tert-butyl alcohol, a-hydroxylsopropyl phenyl ketone, a-hydroxycyclbhexyl phenyl ketone, a-hydrox- 
yisopropyl naphthyl ketone and methyl a-hydroxyisobutyrate; polyhydric alcohols, such as ethylene glycol, propylene 
glycol, diethylene glycol, dipropylene glycol, 1 ,3-propanediol, 1,3-butanediol, 1 ,4-butanediol, 1,6-hexanediol, 1,4-cy- 
clohexanediol, trimethylolpropane, glycerol, diglycerol, pentaerythritol and dipentaerythritol; and aromatic hydroxy 
compounds, such as phenol, cresol. xylenol, 2-naphthol, 2. 6-dihydroxy naphthalene and bisphenol A. 
[0439] Examples of the active hydrogen compounds having active hydrogen on the nitrogen atom include aliphatk; 
or aromatic primary amines, such as methylamine, ethylamine, n-propylamine, isopropylamine, n-butylamine, iso- 
butylamine, sec-butylamine, tert-butylamine, cyclohexylamine, benzylamine, p-phenylethylamine, aniline, o-toluidine. 
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m-toluidine and p-toluldine; aliphatic or aromatic secondary amines, such as dimethylamlne, methylethylamine, di- 
ethylamine, di-n-propylamine, ethyl-n-butylamine, methyl-sec-butylamine, dipentylamine, dicyclohexylamine, N-meth- 
ylaniline and dipheylamine; potyamines having primary or secondary amino group, such as ethylenediamine, di(2-ami- 
noethyOamlne, hexamethylenediamine, 4,4'-diaminodiphenylethane, tri(2-aminoethyl)amine, N.N -dimethylethytene- 
diamine, N.N'-diethylethylenediamine and di{2-methylamlnoethyl)amine; saturated cyclic secondary amines, such as 
pyrroHdine. piperidine, morpholine and 1,2,3.4-tetrahydroqurnoline; unsaturated cyclic secondary amines, such as 
3-pyrroline, pyrrole, Indole, carbazole, imidazole, pyrazole and purine; cyclic polyamines having secondary amino 
group, such as piperazine, pyrazine and 1,4,7-triazacyclononane; unsubstituted or N-monosubstituted acid amides, 
such as acetamide, propionamlde, N-methylpropionamide, N-methylbenzamide and N-ethylstearamide; cyclic amides, 
such as p-propiolactam, 2-pynrolidone, 5-valelo lactam and E-caprolactam; and imides of dicarboxylic acids, such as 
succinimlde, maleimide and phthalimide. 

[0440] Examples of the active hydrogen compounds having active hydrogen on the sulfur atom include monothiols, 
such as methanethiol. ethanethiol, n-butanethiol, tert-butanethiol, hexanethiol, decanethiol, cyclopentylmercaptan and 
cyclohexylmercaptan; polythiols, such as 1,2-ethanedithiol, 1,3-propanedithlol, 2,3-butanedithiol, 1 ,6-hexanedithiol, 
1 ,2,3-propanetrithlol and 2,3-dl(mercaptomethyl)-1 ,4-butanedithiol; and aromatic mercapto compounds, such as thi- 
ophenol, o-thiocresol, thionaphthol and 1,2-benzenedithlol. 

[0441] Also employable as the active hydrogen compounds are, for example, poly(alkylene oxides) having active 
hydrogen at the end, such as polyethylene oxide and polypropylene oxide; polymers obtained by anionic polymerization 
or other polymerization of (meth)acrylic esters, (meth)acrylonitriles, acrylamides, vinylpyridines, N-substituted male- 
imdes, vinyl ketones and styrene derivatives; polymers obtained by ring-opening polymerization of lactones, lactams, 
lactldes and cyclic siloxanes; polymers having active hydrogen at the end and/or in the main chain, such as poly((meth) 
acrylic esters), poly((meth)acrylonitri!es). poly (acrylamides), poly(vrnylpyridines), poly(N-substituted maleimdes), poly 
(vinyl ketones) and poty(styrene derivatives), polyesters, polyamides, polytactides and polysiloxanes; and copolymers 
thereof. 

[0442] Of the above active hydrogen compounds, preferable are hydrogen cyanide, monocarboxylic esters, polycar- 
boxylic esters, water, monohydric alcohols, polyhydric alcohols, monothiols, polymers having active hydrogen at the 
end and/or in the main chain, such as poly(alkylene oxides), poly((meth)acrylic esters), poly((meth)acrylonitriles), poly 
(acrylamides). poly(vinyipyridines), poly (N-substituted maleimdes), poly(vinyl ketones) and poly(styrene derivatives), 
and copolymers thereof. 

[0443] The proton abstracting agents may be used singly or as a mixture of two or more kinds. 
[0444] In the present Invention, at least a polar monomer is subjected to anionic polymerization in the presence of 
a proton abstracting agent and an active hydrogen compound or in the presence of a proton abstracting agent. In this 
process, ring-opening polymerization can be carried out. 

[0445] As the process in which the proton abstracting agent is used or the process in which a proton is abstracted 
from the active hydrogen compound to give an anion, the following processes are employable: 

(1 ) a process using an alkali metal hydroxide or an alkali metal carbonate, 

(2) a process using an alkali metal, an alkali metal hydride, an alkali metal amide or an alkali metal alkyi, 

(3) a process using a zinc compound, 

(4) a process using ammonium hydroxide, and 

(5) a process using a phosphazenium salt. 

[0446] The phosphazenium compound can be prepared by the process described in EP0791600, pp. 12-13, or its 
analogous process. 

[0447] The process for preparing a 2 portion from the W portion of the polar group-containing monomer (10) by 
anionic polymerization is not specifically limited, as far as at least the proton abstracting agent and the polar monomer 
can be effectively contacted, and any of a batchwise process and a process comprising feeding the polar monomer 
intermittently or continuously is employable. 

[0448] The polymerization reaction can be candied out when the polar monomer is in a molten state or can be carried 
out in a liquid phase using an appropriate solvent. The liquid phase may be a homogeneous phase or a suspension 
phase. Examples of the solvents employable herein include aliphatic or alicycllc hydrocarbons, such as n-hexane, n- 
heptane and cyclohexane; aromatic hydrocarbons, such as benzene, toluene and xylene; aromatic halides, such as 
chlorobenzene and dichlorobenzene; ethers, such as diethyl ether, diphenyl ether, tetrahydrofuran, tetrahydropyran, 
1 ,4-dioxane, ethylene glycol dimethyl ether and diethylene glycol diethyl ether; and aprotic polar solvents, such as 
dimethylformamlde, dimethylsulfoxide, sulfolane and N,N'-dimethylimidazolidinone. 

[0449] Although there is no specific limitation on the amount of the proton abstracting agent used, the amount thereof 
is in the range of usually 1 xio-^ to 1 xio-^ mol, preferably 1 X10-* to 3x10*^ mol. The polymerization reaction tem- 
perature is in the range of usually -50 to 250**C, preferably -20 to 150'C, though it varies depending upon the types 
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and amounts of the proton abstracting agent and the polar monomer used, etc. The polymerization reaction pressure 
is in the range of usually not more than 3.0 MPa (absolute pressure expressed in megapascal the same shall apply 
hereinafter), preferably 0.01 to 1 .5 MPa, more preferably 0.1 to 1 .0 MPa, though it varies depending upon the type and 
amount of the polar monomer used, the reaction temperature, etc. 

[0450] The polymerization reaction time is usually not more than 50 hours, preferably 0. 1 to 24 hours, though it varies 
depending upon the types and amounts of the proton abstracting agent and the polar monomer, the reaction temper- 
ature, etc. 

[0451] Next, the process (ii) is described in more detail. 

[0452] In the process (ii), an a-olefin of 2 to 20 carbon atoms and a polar group-containing monomer (10). and 
optionally the polar group-containing monomer represented by the fomiula (8) are copolymerized to prepare a polar 
group-containing olefin copolymer, and then the W portion of the copolymerized polar group-containing monomer (10) 
is allowed to react with a terminal functional group of the polymer obtained by anionic polymerization, ring-opening 
polymerization or polycondensation. 

[0453] The tennlnal functional group-containing olefin copolymer can be prepared in the same manner as in the 
process (i). 

[0454] Examples of the polymers (sometimes referred to as "terminal functional group-containing polymer" herein- 
after) obtained by anionic polymerization, ring-opening polymerization or polycondensation include segments obtained 
by anionic polymerization of one or more monomers selected from methyl methacrylate, ethyl methacrylate, butyl 
acrylate. acrylonitrile and acrylamide, segments obtained by ring-opening polymerization of lactone, lactide, siloxane, 
lactam, cyclic ether, oxazoline, ethylene oxide, propylene oxide, etc., and polymers obtained by polycondensation of 
monomers, such as polycarboxylic acid and polyhydric alcohol, or polycarboxylic acid and polyamlde or hydroxycar- 
boxylic acid. Of these, preferable are segments obtained by anionic polymerization of acrylic esters or methacryllc 
esters and polymers obtained by ring-opening polymerization of ethylene oxide or propylene oxide. 
[0455] Such a terminal functional group-containing polymer can be prepared by, for example, subjecting the same 
polar monomer as used in the process (i) to anionic polymerization^ ring-opening polymerization or polycondensation 
in the presence of the proton abstracting agent or in the presence of the proton abstracting agent and the active 
hydrogen compound. 

[0456] Then, the polar group-containing olefin copolymer obtained as above is copolymerized with the terminal func- 
tional group-containing polymer. 

Themioplastic resin composition 

[0457] The thermoplastic resin composition of the invention may be fonned from two or more copolymers selected 
from the polar group-containing olefin copolymers or may be formed from the polar group-containing olefin copolymer 
and a themnoplastic resin other than the polar group-containing olefin copolymer. 

Themioplastic resin 

[0458] The themioplastic resin preferably used in the invention is one kind of a thermoplastic resin selected from 
polyolefin, polyamide, polyester, polyacetal, polystyrene, acrylonitrile/butadiene/styrene copolymer (ABS), polymeth- 
acrylate, polycarbonate, polyphenylene oxide, polyvinyl chloride, polyvinylidene chloride, polyvinyl acetate, ethylene/ 
(melh)acrylic ester copolymer and diene rubber. 

[0459] Examples of the polyoleftns include olefin homopolymers, such as polyethylene, polypropylene, poly- 
1-butene, polymethylpentene and polymethylbutene; and olefin copolymers, such as an ethylene/a-olefin random co- 
polymer, an ethylene/propylene/diene terpolymer, a propylene/ethylene random copolymer, a propylene/a-olefin ran- 
dom copolymer and a propylene/ethylene/a-olefin terpolymer. Of these, preferable are polyethylene, polypropylene, 
an ethylene/a-olefin random copolymer, an ethylene/propylene/diene terpolymer, a propylene/ethylene random copol- 
ymer and a propylene/a-olefin random copolymer. If the polyolefin is a polyolefin obtained from an olefin of 3 or more 
cartjon atoms, this polyolefin may be an isotactic polymer or may be a syndiotactic polymer 

[0460] As the catalyst for the preparation of the polyolefin, any of Ziegler-Natta catalyst, a metallocene catalyst and 
a known catalyst may be used. 

[0461] Examples of the polyamides include aliphatic polyamides, such as nylon-6, nylon-66. nylon-10, nylon-12 and 
nylon-46; and aromatic polyamides prepared from aromatic dicarboxylic acids and aliphatic diamines. Of these, nylon- 
6 is preferable. 

[0462] Examples of the polyesters include aromatic polyesters, such as polyethylene terephthalate, polyethylene 
naphthalate and polybutylene terephthalate; polycaprolactone; and polyhydroxybutyrate. Of these, polyethylene 
terephthalate Is preferable. 

[0463] Examples of the polyacetals include polyfomn aldehyde (polyoxymethylene), polyacetaldehyde, polypropion- 
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aldehyde and polyfoutylaldehyde. Of these, polyformaldehyde is preferable. 

[0464] The polystyrene may be a homopolymer of styrene or may be a copolymer of styrene and acrylonitrile, methyl 
methacrylate, a-methylstyrene or the like, such as an acrylonttrile/styrene copolymer 

[0465] As the ABS, preferably used is ABS comprising constituent units derived from acrylonitrile in amounts of 20 
to 35 mol %, constituent units derived from butadiene in amounts of 20 to 30 mo! % and constituent units derived from 
styrene in amounts of 40 to 60 mol %. 

[0466] As the polymethacrylate, polymethyl methacrylate (PMMA) is preferable. 

[0467] Examples of the polycarbonates include those obtained from bis(4-hydroxyphenyl)methane, 1 , 1 -bis(4-hydrox- 
yphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane and 2,2*bis(4-hydroxyphenyl)butane. Of these, polycarbonate ob- 
tained from 2,2-bis(4-hydroxyphenyl)propane is preferable. 

[0466] As the polyphenylene oxide, poly(2,6-dimethyM ,4-phenylene oxide) is preferable. 

[0469] The polyvinyl chloride may be a homopolymer of vinyl chloride or may be a copolymer of vinyl chloride and 
vinylldene chloride, acrylic ester acrylonitrile, propylene or the like. 

[0470] As the potyvinylidene chloride, a copolymer comprising vinylldene chloride and vinyl chloride, acrylonitrile, 
(meth)acrylic ester, allyl ester, unsaturated ether, styrene or the like and generally containing vinylldene chloride units 
in amounts of not less than 85 % is used. 

[0471] The polyvinyl acetate may be a homopolymer of vinyl acetate or may be a copolymer of vinyl acetate and 
ethylene or vinyl chloride. Of these, an ethylene/vinyl acetate copolymer is preferable. 

[0472] As the ethylene/(meth)acrylic ester copolymer, preferable is an ethylene/methyl acrylate copolymer, an eth- 
ylene/ethyl acrylate copolymer, an ethylene/methyl methacrylate copolymer or an ethylene/ethyl methacrylate copol- 
ymer. 

[0473] Examples of the diene rubbers include conjugated polydienes sych as polybutadiene, polyisoprene, an elas- 
tomer type styrene/butadiene copolymer that Is known as SBR (styrene/butadiene rubber). In the diene rubbers, at 
least a part of double bonds In the molecule may be hydrogenated. 

[0474] The thermoplastic resins mentioned above can be used singly or in combination of two or more kinds. 

[0475] Of the thermoplastic resins, polyofefin, polyester, polyamide or polystyrene is preferably used. 

[0476] The thermoplastic resin composition of the Invention can be prepared by blending the polar group-containing 

olefin copolymer with the themioplastlc resin using, for example, a ribbon blender, a tumbling blender or a Henschel 

blender. 

[0477] The thermoplastic resin composition of the Invention can be prepared also by melt kneading the polar group- 
containing olefin copolymer and the thermoplastic resin by the use of a melt kneading device, for example, a kneader 
such as a co-kneader, a Banbury mixer, a Brabender, a single-screw extruder or a twin-screw extruder, a horizontal 
stirrer such as a twin-screw surface replacement machine or a twin-screw multi-disc device, or a vertical stirrer such 
as a double helical ribbon stirrer. 

Additives 

[0478] To the polar group-containing olefin copolymer and the themioplastic resin composition according to the in- 
vention, additives, such as inorganic filler, organic filler nucleating agent, heat stabilizer, weathering stabilizer, antistatic 
agent, colorant, lubricant, flame retardant and blooming inhibitor, may be added within limits not detrimental to the 
objects of the invention. 

Inorganic Filler 

[0479] Examples of the inorganic fillers Include silica, diatomaceous earth, alumina, titanium oxide, magnesium ox- 
ide, pumice powder, pumice balloon, aluminum hydroxide, magnesium hydroxide, basic magnesium carbonate, dolo- 
mite, calcium sulfate, calcium titanate, barium sulfate, calcium sulfite, talc, clay, mica, asbestos, glass fiber, glass flake, 
glass bead, calcium silicate, montmorillonite, bentonite, graphite, aluminum powder and molybdenum sulfide. 
[0480] Among these, layered compounds are preferred, and clay minerals having swelling and cleavage properties 
in dispersion media are particulariy prefen-ed for use. The clay minerals are generally classified into a type of two-layer 
structure consisting of a tetrahedral layer of silica and an octahedral layer containing aluminum or magnesium as a 
central metal provided on the tetrahedral layer, and a type of three-layer structure consisting of tetrahedral layers of 
silica and an octahedral layer containing aluminum or magnesium as a central metal sandwiched between the tetra- 
hedral layers. The two-layer stmcture type (former type) is, for example, a kaolinite group or an anligorite group, and 
the three-layer structure type (latter type) is, for example, a smectite group, a venniculite group or a mica group that 
are grouped according to the number of interiaminar cations. 

[0481] Specific examples of the clay minerals include kaolinite, dickite, nacrite, halloysite, antlgorite, chrysotile, py- 
rophylltte, montmorillonite, beidellite, nontronite, saponite, sauconite, stevensite, hectorite, tetrasilicic mica, sodium 
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taeniorite, muscovite, margarite, talc, vermiculite, phlogopite, xanthophyllite and chtorrte. 

[0482] Clay minerals having been treated with organic materials (sometimes referred to as "organically-modified clay 
minerals") are also employable as the inorganic layered compounds. (On the clay minerals having been treated with 
organic materials, see "Dictionary of Clay" by Asakura Shoten.) 
5 [0483] Of the above clay minerals, preferable arc a smectite group, a venrjicutite group and a mica group, and more 
preferable is a smectite group, from the viewpoints of swelling properties or cleavage properties. Examples of the 
smectite group clay minerals include montmoritlonite. beidellite, nontronite, saponite, sauconite, stevensite and hec- 
torite. 

[0484] Examples of the dispersion media to swell or cleave the inorganic layered compounds in the case of natural 
10 swelling clay minerals are water; alcohols, such as methanol, ethanol, propanol, isopropanol, ethylene glycol and 
diethylene glycol; 

Dimethylfomiamide; dimethyl sulfoxide and acetone. Of these, water and an alcohol such as methanol are preferable. 
[0485] In the case of the organically-modified clay minerals, there can be mentioned aromatic hydrocarbons, such 
as benzene, toluene and xylene; ethers, such as ethyl ether and tetrahydrofuran; ketones, such as acetone, methyl 
IS ethyl ketone and methyl isobutyl ketone; aliphatic hydrocarbons, such as n-pentane, n-hexane and n-octane; halogen- 
ated hydrocarbons, such as chlorobenzene, carbon tetrachloride, chlorofonn, dichloromethane, 1 ,2-dichloroethane and 
perchloroethylene; ethyl acetate; methyl methacrylate (MMA); dioctyl phthalate (OOP); dimethylfomnamide; dimethyl 
sulfoxide; methyl cellosolve and silicone oil. I 

20 Nucleating agent 

[0486] As the nucleating agents, various nucleating agents hitherto known are used without specific limitation. Ex- 
amples of the nucleating agents include the following aromatic phosphoric ester salt, benzylidenesorbitol, aromatic 
carboxylic acid and rosin nucleating agent. 
25 [0487] Examples of aromatic phosphoric ester salt are compounds represented by the following fonmula (A). 
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[0488] In the above fomnula, R'''' is an oxygen atom, a sulfur atom or a hydrocarbon group of 1 to 1 0 carbon atoms; 
R^2 and R13 are each hydrogen or a hydrocart3on group of 1 to 10 carbon atoms and may be the same or different, 
and R^^s piSg or R^^ and R^^ may be bonded to each other to fonn a ring; M is a metal atom having a valency of 1 
to 3; and n is an integer of 1 to 3. 

[0489] Concrete examples of the compounds represented by the above formula (A) include 
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sodium-2,2'-methylene-bis(4,6-dl-t-butylphenyl)phosphate, 

sodium-2,2'-ethylidene-bis(4.6-dl-t-butylphenyl)phosphate, 

lithium-2,2'-methylene-bis(4,6-di-t-butytphenyl)phosphate, 

lithium-2,2'-ethyndene-bis(4,6-di-t-butylphenyl)phosphate, 

sodium-2,2''ethylidene-bis(4-i-propyl-6-t-butylphenyl) phosphate, 

lithium-2,2'-methylene-bis(4-methyl-6-t-butylphenyl)phosphate, 

lilhium-2,2*-methylene-bis(4-ethyl-6-t-butylphenyl)phosphate, 

calcium-bis[2,2'-thiobis(4-methyl-6*t-butylphenyl)phosphate), 

calcium-bis[2,2'-thiobis(4-ethyl-6-t-butylphenyl)phosphate], 

cafcium-bis(2,2'-lhiobis(4,6-di-t-butylphenyl)phosphate], 

magnecium-bist2,2*-thiobis(4,6-di-t-butylphenyl)phosphate], 

magnecium-bis[2;2'-thiobis(4-t-octyIphenyl)phosphate], 
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sodium-2,2'*butylidene-bis(4,6-di-methylphenyl)phosphate, 

sodium-2,2-butylidene-bis(4,6-di-t-buthylphenyl)phosphate: 

sodiunn-2,2'-t-octylmethylene-bis(4.6-di-methylphenyl) phosphate. 

sodium-2.2'-t-octyImethylene-bis(4.6-di-t-butylphenyl) phosphate, 

calcium-bls[2.2'-methylene-bis(4,6-di-t-butylphenyl)phosphatel, 

magnecium-bis[2,2'-methy!ene-bis(4,6-di-t-butylphenyl) phosphate], 

barium-bis[2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate], 

sodjum-2,2'-melhylene-bis(4-methyl-6-t-butylphenyl)phosphate, 

sodium-2,2*-methyiene-bis(4-ethyl-6-t-butylphenyl)phosphate, 

sodlum-(4.4'-dtmethyl-5.6'-di-t-butyI-2,2*-biphenyl)phosphate, 

calcium-bis-[(4,4'-dlmethyl-6,6'-di-t-butyl-2,2'-biphenyl) phosphate], 

sodium-2,2'-ethylidene-bls(4-m-butyl-64-butylphenyl)phosphate, 

sodium-2,2'-methylene-bis(4:6-di-methylphenyl)phosphate, 

sodlum-2.2'-methylene-bis(4,6-dl-ethylphenyl)phosphate, potassiunn-2.2'-ethylidene-bls(4.6-di-t-butylphenyl) 

phosphate, 

calcium-bis[2,2'-ethylidene-bis(4,6-di-t-butylphenyl) phosphate], 
magnecium-bis[2,2*-ethylldene-bis(4,6-di-t-butylphenyl) phosphate], 
barium-bis[2,2'-ethylidene-bis(4,6-di-t-butylphenyl)phosphate]. 

alumlniunri-tris[2,2'-methylene-bls(4,6-di-t-butylphenyl) phosphate] and aluminium-trls[2.2'-ethyl!dene-bis 4,6-di-t- 
butylphenyl)phosphate], and mixtures of two or more thereof. Particularly preferable is sodium-2,2'-methylene-bis 
(4,6-di-t-butylphenyl)phosphate . 

[0490] Examples of aromatic phosphoric ester salt are compounds represented by the following formula (B). 



[0491] In the above formula, R^^ denotes hydrogen or a hydrocarbon group of 1 to 10 cartoon atoms; M is a metal 
atom having a valency of 1 to 3; and n Is an integer of 1 to 3. 

[0492] Concrete examples of the compounds represented by the above formula (B) include 

sodium-bis(4-t-butylphenyl)phosphate, 

sodium-bis(4-methylphenyl)phosphate, 

sodium-bis(4-ethylphenyl)phosphate, 

sodium-bis(4-i-propylphenyl)phosphate, 

sodium-bis{4-t-octylphenyl)phosphate, 

potassium-bis(4-t-butylphenyl)phosphate, 

calcium-bis(4-t-butylphenyl)phosphate, 

magnecium-bis(4-t-butylphenyl)phosphate, 

lithium-bis(4-t-butylphenyl)phosphate, 

aluminum-bis(4-t-butylphenyl)phosphate, and 

mixtures of two or more thereof. Particularly preferable is sodium-bis(4-t-butylphenyl)phosphate. 
[0493] Exemplary benzylidenesorbitol is a compound represented by the following formula (C). 
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[0494] In the formula, each R^^ rnay be the same or different and denotes a hydrogen atom or a hydrocarbon group 

of 1 to 10 cartoon atoms, and m and n^are each an integer of 0 to 5. 

[0495] Examples of the compounds represented by the formula (C) include 

1 ,3,2,4-dlben2ylidenesorbitol, 1 ,3-benzylidene-2,4-p-methyIbenzylidenesorbitol, 1,3-benzylidene-2,4-p-ethylben2yli- 
denesorbitol, 1,3-p-methylbenzylidene-2,4-benzyl!denesorbitol, 1,3-p-ethylbenzylldene-2.4-ben2ylidenesorbltol, 
1,3-p-methylbenzylidene-2,4-p-ethylbenzylldenesorbitol, 1 ,3-p-ethylbenzylidene-2,4-p-methylben2ylidenesorbitol. 
1,3,2.4-di(p-methylbenzylidene)sorbitol, 1 ,3,2,4-di(p-ethylbenzylidene)sorbltol, 1 ,3,2,4-dl(p-n-propylbenzylidene) 
sorbitol, 1 ,3,2,4-di(p-i-propylbenzylidene)sortoitol, 1 ,3,2,4-di(p-n-butylbenzylidene)sorbjtol, 1 ,3,2.4-di(p-s-butylbenzyli- 
dene)sorbitot, 1 ,3.2.4-di(p-t-butylbenzylidene)sorbitol. 1 .3,2,4-di(2',4'-dimethylbenzylldene)sorbitol, 1 .3,2,4-di(p-meth- 
oxybenzylidene)sorbitol, 1 ,3,2,4-di(p-ethoxybenzylidene)sorbitol, 1 ,3-benzylidene-2-4-p-chlorobenzylidenesofbitol, 
1 ,3-p-chtoroben2ylidene-2-4-benzylidenesorbltol, 1 ,3-p-chlorobenzylldene-2-4-p-methylbenzylidenesorbitol, 1 ,3-p- 
chlorobenzylidene-2-4-p-ethylbenzylidenesorbitol, 1 ,3-p-methylbenzylidene-2-4-p-chlorobenzylidenesorbitol, 1 ,3-p- 
ethylbenzylidene-2-4-p-chlorobenzylidenesorbltol, 1,3,2,4-dr(p-chlorobenzylidene)sorbltol, and mixtures of two or 
more of these compounds. Of these, preferable are 1 ,3,2,4-dibenzylidenesorbitol, 1,3,2,4-di(p-methylbenzylidene) 
sorbitol, 1 ,3,2,4-di(p-ethylbenzylidene)sorbltol, 1 ,3-p-chlorobenzylidene-2-4-p-methylbenzylidenesorbitol. 1 .3,2,4-di 
(p-chlorobenzylldene)sorbitol, and mixtures of two or more of these compounds. 

[0496] Of the above benzylidenesorbitols, preferable is a compound represented by the following formula (D). 



[0497] In the formula, each R''^ may be the same or different and denotes a methyl group or an ethyl group. 
[0498] The aromatic carboxylic acid is, for example, aluminumhydroxydipara-t>butyl benzoate represented by the 
following formula (E). 



[0499] The rosin type nucleating agent is, for example, a metallic salt of a rosin acid, and the metallic salt of a rosin 
acid is a reaction product of a rosin acid and a metallic compound. Examples of the rosin acids include natural rosins, 
such as gum rosin, tall oil rosin and wood rosin; various modified rosins, such as disproportionated rosin, hydrogen ated 
rosin, dehydrogenated rosin, polymerized rosin and a.p-ethylenically unsaturated carboxylic acid-modified rosin; pu- 
rified products of the natural rosins; and purified products of the modified rosins. Examples of unsaturated carboxylic 
acids used to prepare the a,p-ethylenically unsaturated carboxylic acid-modified rosins include maleic acid, maleic 
anhydride, fumaric acid, itaconic acid, itaconic anhydride, cttraconic acid, acrylic acid ad methacrylic acid. Of the above 
rosins, preferable is at least one rosin acid selected from the group consisting of a natural rosin, a modified rosin, a 
purified product of a natural rosin and a purified product of a modified rosin. The rosin acid comprises plural resin acids 
selected from pimaric acid, sandarachpimaric acid, parastric acid, isopimaric acid, abietic acid, dehydroabietic acid, 
neoabietic acid, dihydropimaric acid, dihydroabietic acid and tetrahydroabietic acid. 

[0500] The metallic compound which reacts with the rosin acid to form a metallic salt is, for example, a compound 
which comprises a metallic element, such as sodium, potassium and magnesium, and forms a salt together with the 
rosin acid. Examples of the metallic salts include chlorides, nitrates, acetates, sulfates, carbonates, oxides and hy- 
droxides of the above metals. 

[0501] Other examples of the nucleating agents Include high-melting point polymers, metallic salts of aromatic car- 
boxylic acids or aliphatic carboxylic acids, and inorganic compounds. 

[0502] Examples of the high-melting point polymers include polyvinylcycloalkanes, such as polyvinylcyclohexane 




- - . (D) 



OH 




130 



EP 1 186 619 A2 



and Polyvinylcyclopentane; poly-3-methyl-1-pentene, poly-3-methyt-1-butene, and polyalkenylsilanes. 

[0503] Examples of the metallic salts of aromatic cart}oxylic acids or aliphatic carboxylic acids include aluminum 

benzoate, aluminum p-t-butylbenzoate, sodium adipate, sodium thiophenecarboxylate and sodium pyn-olecarboxylate. 

5 Molding method 

[0504] The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
produced by various molding methods such as calendering extrusion molding, injection molding, blow molding, press 
molding and stamping. 

10 [0505] The polar group-containing olefin copolymer and the thermoplastic resin composition can be molded into 
sheets or films (unstretched) by extrusion molding. 

[0506] Stretched films can be obtained by stretching the extruded sheets or extruded films (unstretched) through 
tentering 

(lengthwise-crosswise stretching, crosswise-lengthwise stretching), simultaneous biaxial orientation or monoaxial 
IS stretching. From the polar group-containing olefin copolymer or the thermoplastic resin composition of the invention, 
inflation films can also be produced. 

[0507] Filaments can be produced by, for example, extruding a molten composition through spinneret. The filaments 
may be produced by a melt blown method. 

[0508] Injection molded products can be produced by injection molding the composition into various shapes by the 
20 use of hitherto known injection molding machines under the known conditions. The injection molded products obtained 
from the polar group -containing olefin copolymer or the thermoplastic resin composition of the invention are hardly 
electrostatically charged and have excellent rigidity, heat resistance, impact resistance, surface gloss, chemical resist- 
ance and abrasion resistance, so that they can be broadly used as automobile interior trim, automobile exterior trim, 
housings of electric appliances, containers and the likes. 
25 [0509] Blow molded products can be produced by the use of hitherto known blow molding machines under the known 
conditions. 

[0510] In the injection blow molding method, the polar group-containing olefin copolymer or the thermoplastic resin 
composition of the invention Is Injected into a parison mold at a resin temperature of 100 to SOO^'C to form a parison, 
then the parison is held in a mold of desired shape, and air Is blown into the parison to fit the parison into the mold, 
30 whereby a blow molded product can be produced. 

[0511] The press molded product is, for example, a mold stamping product. 

Uses 

35 [051 2] The polar group-containing olefin copolymer and the thermoplastic resin composition according to the inven- 
tion can be applied to various uses, for example, the following uses. 

(1) Film and sheet 

A film and a sheet comprising the polar group-containing olefin copolymer or the thermoplastic resin compo- 
rt' sition according to the invention is excellent in flexibility, transparency, adhesion properties, anti-fogging properties, 
heat resistance and separating properties. 

(2) Laminate 

A laminate containing at least one layer comprising the polar group-containing olefin copolymer or the ther- 
moplastic resin composition according to the invention is, for example, agricultural film, wrapping film, shrink film, 
45 protective film, separating film such as blood plasma separating film or water pemiselective vaporization film, or 

selective separating film such as ion exchange membrane, battery separator or optical resolution film. 

(3) The polar group-containing olefin copolymer or the thenmoplastic resin composition according to the invention 
can be used for microcapsule, PTP packaging, chemical bulb and drug delivery system. 

(4) Modifier 

so When the polar group-containing olefin copolymer or the thermoplastic resin composition according to the 

invention is used as a resin modifier, modifying effects in impact resistance, flowability, coating properties, crys- 
tallizability, adhesion properties, transparency, etc. can be obtained. 

When the polar group-containing olefin copolymer or the themnoplastic resin composition according to the 
invention is used as a rubber modifier, modifying effects in weathering resistance, heat resistance, adhesion prop- 
55 erties, oil resistance, etc. can be obtained. 

Examples of the rubbers include crosslinked rubbers, such as natural rubber (NR), isoprene rubber (IR), buta- 
diene rubber (BR), styrene/butadlene rubber (SBR), chloroprene rubber (CR), acrylonitrile/butadiene oibber 
(NBR), butyl mbber (IIR), ethylene/propylene rubber (EPM. EPDM), chlorosulfonated polyethylene (CSM), acrylic 
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rubber (ACM, ANM, etc.).. epichlorohydrin rubber (CO, ECO, etc.), silicone rubber (O) and fluororubber (FKM, etc.); 
and thermoplastic rubbers, such as rubbers of styrene type, olefin type, urethane type, ester type, amide type and 
vinyl chloride type. 

The polar group-containing olefin copolymer and the thenmoplastic resin composition of the invention can be 
used as a modifier for lubricating oils, such as gasoline engine oil, diesel engine oil, marine engine oil, gear oil, 
metal working oil, motor oil, machine oil, spindle oil and insulating oil. They may also be used as a viscosity modifier 
or a freezing point depressant of these lubricating oils. 

When the polar group-containing olefin copolymer or the thermoplastic resin composition of the invention is 
used as a modifier for waxes, improvement may be achieved in adhesiveness, flowability and hardness. Examples 
of the waxes include mineral waxes, such as montan wax, peat wax, ozol^erite/ceresin wax and petroleum wax; 
synthetic waxes, such as polyethylene, Fischer-Tropsch wax, chemically modified hydrocarbon wax and substi- 
tuted amide wax; vegetable waxes; and animal waxes. 

When the polar group-containing olefin copolymer or the thermoplastic resin composition of the invention is 
used as a modifier for cement, improvement may be achieved in moldability and hardness. 

Examples of the cement include air setting cement, such as llme^ gypsum and magnesia cement; water setting 
cement, such as Roman cement, natural cement, Portland cement, alumina cement and high sulfuric salt slag 
cement; and special cements, such as acid proof cement, refractory cement, water glass cement and dental ce- 
ment- 

(5) Viscosity modifier, Moldability improver 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
used as a viscosity modifier or a moldability improver for inks and paints, such as letterpress printing ink, litho- 
graphic printing ink, flexo graphic ink. gravure ink, oil paint, cellulose derivative paint, synthetic resin paint, water 
baking paint, powdery water paint and Japanese lacquer. 

(6) Building material. Civil engineering material 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the Invention can be 
used for building/civil engineering resins and building/civil engineering molded products, such as flooring, floor 
tile, floor sheet, sound insulating sheet, heat insulating panel, damping material, decorative sheet, baseboard, 
asphalt modifier, gasket, sealing material, roofing sheet and cut-off sheet. 

(7) Automobile interior or exterior trim. Gasoline tank 

Automobile interior or exterior trims and gasoline tanks comprising the polar group-containing copolymer or 
the themnoplastic resin composition of the present invention are excellent in rigidity, shock resistance, oil resistance 
and heat resistance. 
(6) Electric or electronic parts 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
used for electric or electronic parts. Examples of the electric or electronic parts include electrical insulating mate- 
rials, electronic part treating instruments, magnetic recording media, binders of magnetic recording media, sealing 
materials of electric circuits, materials of electric home appliances, base materials of containers such as electronic 
oven containers, films for electronic ovens, polymer electrolyte base materials and conductive alloy base materials. 

Also exemplified are electric or electronic parts, such as connector, socket, resistor, relay case switch coll 
bobbin, condenser, variable condenser case, optical pickup, optical connector, vibrator, various tenminal assem- 
blies, transformer, plug, printed wiring board, tuner, speaker, microphone, headphone, small motor, magnetic head 
base, power module, housing, semiconductor, liquid crystal display parts, FDD carriage, FDD chassis, HDD parts, 
motor blush holder, parabola antenna and computer associated parts; VTR parts, TV parts, iron, hair dryer, rice 
cooker parts, electronic oven parts, acoustic instrument parts, audio machine parts such as audio laser disc and 
compact disc, domestic or office electric appliance parts, such as light fitment parts, refrigerator parts, air condi- 
tioner parts, typewriter parts and word processor parts; office computer associated parts, telephone associated 
parts, facsimile associated parts, copy machine associated parts, electromagnetic shielding material, speaker cone 
material, and vibrating element for speaker 

(9) Aqueous emulsion 

An aqueous emulsion comprising the polar group-containing olefin copolymer or the thermoplastic resin com- 
position of the invention can be used as an adhesive for polyolefrns of excellent heat sealing properties. 

(10) Coating base 

A soh^ent dispersion containing the polar group-containing olefin copolymer or the thennoplastic resin com- 
position according to the invention has excellent dispersing stability in a solvent and exhibits excellent adhesion 
properties when metals or polar resins are bonded to polyolefins. 

(11) Medical or hygienic material 

The polar group-containing olefin copolymer and the thenmoplastic resin composition of the invention can be 
used for medical goods, such as nonwoven fabric, nonwoven fabric laminate, electret. medical tube, medical con- 
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tainer, transfusion bag, prefill syringe and syringe, medical materials, artificial organs, artificial muscles, filterfilms, 
food sanitation/health goods, retort bags, and freshness keeping films. 

(12) Miscellaneous goods 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
used for stationery, such as desk mat, cutting mat, ruler, pen holder, pen grip, pen cap, scissors grip, cutter grip, 
magnet sheet, pen case, paper holder, binder, label seal, tape and white board; daily use miscellaneous goods, 
such as clothing, curtain, sheet, carpet, entrance hall mat, bath mat, bucket, hose, bag, planter, air conditioner 
filter, exhaust fan filter, tableware, tray, cup, lunch box, coffee maker funnel, eyeglass frame, container, storage 
case, hanger, rope and washing net; sporting goods, such as shoes, goggles, skis, racket, ball, tent, swimming 
goggles, swim fin, fishing rod, cooler box, leisure sheet and sporting net; toys, such as block and cards; containers, 
such as kerosine can, drum, detergent bottle and shampoo bottle; and display goods, such as signboard, pylon 
and plastic chain. 

(13) Filler modifier 

The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
favorably used as an additive to prepare a filler dispersibility improver or a dispersibility-lmproved filler 

(14) Compatibitizing agent 

The polar group-containing olefin copolymer or the thermoplastic resin composition according to the invention 
can be usedas acompatibilizing agent. When the polar group-containing olefin copolymer of the invention is used, 
a polyolefin and a thermoplastic resin containing a polar group can be mixed in an arbitrary mixing ratio. The polar 
group-containing olefin copolymer of the invention has a main chain of a polyolefin and a side chain having a polar 
group, so that by the use thereof, components which are inherently incompatible can be compatibilized. Hence, 
elongation at break can be remarkably improved as compared with the case where the polar group-containing 
olefin copolymer or the thermoplastic resin composition Is not used. 

Next, uses of the polar group-containing olefin copolymer and the thermoplastic resin composition according 
to the invention are described in more detail. 

Adhesive resin 

[0513] When the polar group-containing olefin copolymer or the thennoplastic resin composition of the invention is 
used as an adhesive resin, X in the formula (3) is preferably an acid anhydride group, an epoxy group, an amino group 
or a hydroxyl group, and Y in the formula (6) is preferably an epoxy group, an amino group or a hydroxyl group. 
[0514] If X is a hydroxyl group and in the formula (3) is a straight-chain or branched aliphatic hydrocarbon group 
of 9 or less carbon atoms, an adhesive resin having an excellent balance between flowability and adhesion properties 
can be obtained. 

[0515] if X is a hydroxyl group and in the formula (3) is a straight-chain or branched aliphatic hydrocarbon group 
of 11 or more carbon atoms, an adhesive resin having particulariy excellent adhesion properties can be obtained. 
[0516] The adhesive resin of the invention comprises the polar group-containing olefin copolymer or the thermoplastic 
resin composition, so that it shows excellent adhesion properties to metals, such as Iron and aluminum, and polar 
group-containing polymers, such as polyamide, polyester, polyacetal, polystyrene, acrylonitrile/butadiene/styrene co- 
polymer (ABS), polymethacrylate, polycarbonate, polyphenylene oxide, polyvinyl chloride, polyvinylidene chloride, pol- 
yvinyl acetate, polyvinyl alcohol, complete or partial saponification product of ethylene/vinyl acetate copolymer, and 
ethylene/(meth)acrylic acid ester copolymer. Further because the main structure is a structure of polyolefin, the ad- 
hesive resin of the invention has excellent adhesion properties also to polyolefins and can be used as an adhesive 
resin between the polar materials or the polar material and a polyolefin. 

Compatibilizing agent 

[0517] When the polar group-containing olefin copolymer or the thermoplastic resin composition of the invention is 
used as a compatibilizing agent, a polyolefin and a thennoplastic resin containing a polar group can be mixed in an 
arbitrary mixing ratio. The polar group-containing olefin copolymer or the thennoplastic resin composition of the inven- 
tion has a main chain of a polyolefin and a side chain having a polar group, and therefore, components which are 
inherently incompatible can be compatibllized with each other. Hence, elongation at break can be remarkably improved 
as compared with the case where the polar group-containing olefin copolymer or the thermoplastk: resin composition 
is not used. 

[0518] in the use as the compatibilizing agent, X in the formula (3) is preferably an acid anhydride group, an epoxy 
group, an amino group, acarboxyllc acid group, acarboxylic acid ester group or a hydroxyl group, particulariy preferably 
an acid anhydride group, an epoxy group, an amino group or a carboxylic acid ester group, and Y in the formula (6) is 
preferably an epoxy group, an amino group or a hydroxyl group. 
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[0519] If X is a hydroxyl group and is a hydrocarbon group of 9 or less carbon atoms, preferably 8 or less carbon 
atoms, more preferably 7 or less carbon atoms, in the formula (3), the compatibilizing agent shows an excellent balance 
between flowability and compatibility. 

[0520] If X is a hydroxyl group and R3 is a hydrocarbon group of 11 or more carbon atoms, preferably 12 or more 
5 carbon atoms, more preferably 13 or more carbon atoms, in the formula (3), effects of improvement in compatibility 
can be particularly enhanced. 

Resin modifier 

10 [0521] When the polar group-containing olefin copolymer or the themnoplastic resin composition of the invention is 
used as a resin modifier, effects of modification in hydrophilic nature, antistatic properties, coating properties, printability, 
etc. can be obtained. 

[0522] In the use as a hydrophilic nature improver or an antistatic property improver. X in the fomnula (3) is preferably 
a hydroxyl group, a carboxylic acid group, an amide group, an amino group, an acid anhydride group or a carboxylic 
IS ester group. 

[0523] tn the use as a coating property improver or a printability improver. X in the formula (3) is preferably a hydroxy! 
group, a carboxylic acid group, an amide group, an amino group, an epoxy group or an acid anhydride group, and Y 
in the formula (6) is preferably an epoxy group, an amino group or a hydroxyl group. 

[0524] When the polar group-containing olefin copolymer or the themnoplastic resin composition is used as the coat- 
20 ing property improver or the printability improver and when X is a hydroxyl group and is an aliphatic hydrocarbon 
group of 9 or less carbon atoms, preferably 8 or less carbon atoms, more preferably 7 or less carbon atoms, in the 
fonnula (3), the improver shows an excellent balance between flowability and coating properties or printability. When 
X is a hydroxyl group and R^ is an aliphatic hydrocarbon group of 11 or more carbon atoms, preferably 12 or more 
carbon atoms, more preferably 1 3 or more carbon atoms, in the fonnula (3), effects of improvement in coating properties 
2S and printability can be further enhanced. 

Filler dispersant 

[0525] The polar group-containing olefin copolymer and the thermoplastic resin composition of the invention can be 
30 favorably used as a filter dispersant for improving dispersibitity of a filler or an additive for preparing a filler having 
improved dispersibility. 

[0526] For example, the filler dispersant is used when a thermoplastic resin is mixed with a filler. Examples of the 
thermoplastic resins include the aforesaid thermoplastic resins, and preferable are polyolefins. 
[0527] Examples of the fillers used in the invention include fibers, such as all aromatic polyamide fibers, aliphatic 
35 polyamide fibers, polyester fibers and cellulose fibers; organic fillers, such as fine dispersion of liquid polyester or 
polyamide, and the aforesaid inorganic fillers. 

[0528] There is no specific limitation on the amount of the filler used, and for example, the filler is used in an amount 
of 0.01 to 100 parts by weight, preferably 0.1 to 20 parts by weight, based on 100 parts by weight of the thermoplastic 
resin. 

40 [0529] The filler dispersant of the invention has high affinity with a filler and is capable of improving dispersibility of 
a filler. When such a filler dispersibility improver is used, a thermoplastic resin composition containing a filler can be 
improved in mechanical properties such as rigidity, hardness, heat resistance, impact resistance and elongation. 
[0530] The filler dispersant can be used for a thermoplastic resin or a thermosetting resin using a filler, and is pref- 
erably used for a polyoleftn. 

45 [0531 1 The polar group-containing olefin copolymer and the themnoplastic resin composition containing the filler dis- 
persant of the invention can be molded by any of known processes, for example, the aforesaid processes. 
[0532] The molded products obtained by such processes are applied to wide uses such as domestic articles to 
industrial goods. Examples of the molded products obtained by such processes include electrical parts, electronic 
parts, automobile parts, mechanical mechanism parts, food containers, films, sheets and fibers. More specifically, there 

so can be mentioned office and OA supplies, such as printer, personal computer, word processor, keyboard, PDA (potable 
data terminal), telephone, facsimile, copy machine. ECR (electronic cash register), electronic calculator, electrons 
notebook, electronic dictionary, card, holder and stationary; electric appliances, such as washing machine, refrigerator, 
cleaner, electronic oven, lighting fixture, game machine, iron and foot warmer; AV equipments, such as TV, VTR, video 
camera, radio cassette recorder, taper recorder, mini disc, CD player, speaker and liquid crystal display; and electrk; 

ss or electronic parts and communications equipments, such as connector, relay, condenser, switch, printed board, coil 
bobbin, semiconductor sealing material, electrk; wire, cable, transfonmer, deflecting yoke, cabinet panel and timepiece. 
[0533] Other examples include materials for automobiles, ships or air crafts and building materials, such as seats 
(stuffing, cover), bell, roof foam lining, convertible top, ami rest, door trim, rear package tray, carpet, mat, sun visor. 
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wheel cover, mattress cover, air bag, insulating material, hanger, hand strap, wire coating material, electrical insulating 
material, coating, coating material, faoing material, floor material, comer wall, deck panel, coverings, plywood, ceiling 
board, partition board, side wall, carpet, wall paper, wall trim material, exterior trim material, interior trim material, 
roofing material soundproof material, heat insulating material and window material; and daily or sporting goods, such 
as clothing, curtain, sheeting, plywood, synthetic fiber board, rug, entrance mat sheet, bucket, hose, container, eye- 
glasses, bag, case, goggle, skis, racket, tent and musical instrument. 

[0534] Also mentioned are bottles of shampoo and detergent, bottles of seasonings such as cooking oil and soy 
source, bottles of beverages such as mineral water and juice, heat-resistant food containers such as lunch box and 
cooking bowl, tableware such as plate and chopstk;ks, other various food containers, packaging films, and packaging 
bags. 

Dispersion 

[0535] The polar group-containing olefin copolymer or the thermoplastic resin composition of the invention can be 
used as an aqueous resin dispersion by dispersing it in water or can be used as a solvent dispersion by dispersing it 
in a solvent 

Aqueous resin dispersion 

[0536] The aqueous resin dispersion of the invention comprises water and the polar group-containing olefin copol- 
ymer or the themnoplastic resin composition dispersed therein. 

[0537] The aqueous resin dispersion of the invention may contain a modified polyolefin and/or a surface active agent 
when needed, within limits not detrimental to the objects of the invention. 

[0538] The modified polyolefin is a polyolefin obtained by graft modifying a polymer of an a-olefin of 2 to 20 carbon 
atoms with an ethylenically unsaturated carboxylic acid compound. 

[0539] The viscosity-average molecular weight of the polyolefin (starting polyolefin) that is a material of the modified 
polyolefin is in the range of usually 1 ,000 to 50,000, preferably 2,000 to 30.000, more preferably 5,000 to 10,000. To 
obtain excellent emulsion properties, the melt viscosity thereof, as measured at 1 80**C, is In the range of usually 1 0 to 
5,000 cps, preferably 20 to 2,000 ops. more preferably 30 to 1 ,000 cps. 

[0540] To prepare the starting polyolefin, various processes hitherto known are adoptable. For example, a process 
wherein an a-olefin Is polymerized so as to obtain a desired molecular weight using a transition metal catalyst such 
as a known metallocene catalyst and a process wherein a high-molecular weight polyolefin prepared by the use of a 
transition metal catalyst is heated to perform degradation are available. 

[0541] Examples of the ethylenically unsaturated carboxylic acid compounds for use In the graft modification of a 
starting polyolefin include compounds having an ethylenically unsaturated bond in its molecule and containing a car- 
boxylic acid or a cartDoxylic anhydride, and their derivatives. 

[0542] Specifically, there can be mentioned ethylenically unsaturated carboxylic acids, such as acrylic acid, meth- 
acrylic acid, a-ethytacrylic acid, maieic acid, fumaric acid, itaconic acid, citraconic acid, tetrahydrophthalic acid, meth- 
yltetrahydrophthalic acid, endocis-bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic acid (nadic acid^M) and methyl-endocis- 
bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic acid (methytnadic acid^M); and ethylenically unsaturated cartDOxylic acid de- 
rivatives, such as acid halides, amides, Imides, acid anhydrides and esters of the above acids. Specific examples of 
the ethylenically unsaturated carboxylic acid derivatives include malenyl chloride, malelmlde. maleic anhydride, citra- 
conic anhydride, monomethyl maleate and dimethyl maleate. 

[0543] Of these, preferable are acrylic acid, methacryllc acid, maleic anhydride, methyl acrylate, ethyl acrylate, methyl 
methacrylate and ethyl methacrylate. 

[0544] The ethylenically unsaturated cartsoxylic acid compounds can be used singly or in combination of two or more 
kinds, or they can be used in combination with other monomers within limits not detrimental to the effects of the present 
invention. 

[0545] Examples of the monomers employable in combination with the ethylenically unsaturated carboxylic acid 
compound include amino group-containing ethylenically unsaturated compounds, such as dimethylaminoethyl acrylate, 
acrylamine, aminoethyl methacrylate, dimethylaminoethyl methacrylate, aminopropyl methacrylate, N.N-dimethylami- 
nopropylacrylamlde and aminostyrene; hydroxyl group-containing ethylenically unsaturated compounds, such as 2-hy- 
droxyethyl acrylate, 2- hydroxy propyl acrylate, 2-hydroxyethyl methacrylate and allyl alcohol; and styrene type hydro- 
carbon compounds, such as styrene, a-methylstyrene, o-methylstyrene, m-methylstyrene, p-methylstyrene. m-ethyl- 
styrene, p-ethylstyrene, o-isopropylstyrene, m-isopropylstyrene and p-isopropylstyrene. The proportion of the ethylen- 
ically unsaturated cari^oxylic acid compound contained in the all graft monomer components is preferably not less than 
50. 

[0546] The modified polyolefin can be prepared In accordance with a known process, for example, a process de- 
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scribed in Japanese Patent Publication No. 22988/1977. Specifically, the starting polyolefin is heated at a temperature 
higher than the melting point to be molten, and thereto are added the ethylenically unsaturated carboxyiic acid com- 
pound and a peroxide at the same time or successively with stirring to perfomi graft copolymerization reaction. 
[0547] The viscosity-average molecular weight of the modified polyolefin is in the range of usually 1 ,000 to 50.000, 

5 preferably 2,000 to 20.000, more preferably 5,000 to 10,000. 

[0548] The amount of the ethylenically unsaturated carboxyiic acid compound contained in the modified polyolefin 
is in the range of usually 1 .0x10-3 to 0.2 mot equivalent, preferably 5.0x10-3 to 0.15 mol equivalent, more preferably 
0.01 to 0.1 mol equivalent, based on 100 g of the modified polyolefin. 
[0549] The modified polyolefins can be used singly or in combination of two or more kinds. 

10 [0550] Examples of the surface active agents include sulfonic acid or carboxyiic acid type anionic surface active 
agents, such as alkylnaphthalenesutfonic acid salt, Na salt of naphthalenesulfonic acid formaldehyde condensate, Na 
salt of cresol Shaffer's acid formaldehyde condensate, alkyldiphenyl ether disulfonic acid Na salt, ligninsulfonic acid 
Ca salt, melanin resin sulfonic acid Na salt, special polyacrylic acid salt, gluconic acid salt, olefin/maleic acid salt 
copolymer, carboxymethyl cellulose Na salt, metallic soap (Zn, Al Na or K salt), oleic acid K salt, oleic acid Na salt, 

IS stearic acid K salt, stearic acid Na salt, beef tallow acid K salt, beef tallow acid Na salt and triethanol stearate amine 
salt; nonionic surface active agents, such as fatty acid monoglyceride, sorbltan fatty acid ester sugar fatty acid partial 
ester, polyglycerin fatty acid partial ester, polyoxyethyiene alkyi ether, polyoxyethylene alkylphenyl ether, polyoxyeth- 
yiene sorbitan fatty acid partial ester, polyoxyethylene sorbitol fatty acid partial ester, polyoxyethylene glycerin fatty 
acid partial ester, polyoxyethylene fatty amine, polyoxyethylene (hardened) castor oil, polyoxyethylene glycol fatty acid 

20 ester, polyoxyethylene polyoxypropylene block polymer, hydroxyethyl cellulose, polyvinyl alcohol, polyvinyl pyrrolidone 
and methyl cellulose; cationic surface active agents, such as alkylammonium chloride, trimethylalkylammonium bro- 
mide and alkylpyridinium chloride; and amphoteric surface active agents, such as dimethylalkylbetaine and alkytglycine. 
[0551] Of these, anionic surface active agents are preferably used because more stable aqueous resin dispersion 
is obtained. Of these, more preferable are higher fatty acids, still more preferable are salts of saturated or unsaturated 

25 higher fatty acids of 1 to 20 carbon atoms, and particularly preferable are alkali metal salts thereof. 

[0552] More specifically, there can be mentioned alkali metal salts of capric acid, undecanoic acid, lauric acid, myristic 
acid, palmitic acid, margarine acid, stearic acid, arachtc acid, lindane acid, thujic acid, petroselinic acid, oleic acid, 
linoleic acid, linolenic acid, arachidonic acid and beef tallow acid. 

[0553] The surface active agents can be used singly or in combination of two or more kinds. 
30 [0554] The aqueous resin dispersion of the invention can be prepared by, for example, dispersing the polar group- 
containing olefin copolymer or the thermoplastic resin composition, and optionally, the modified polyolefin, the surface 
active agent and various additives in an aqueous dispersing medium. Specifically, the following processes (1) and (2) 
are available. 



(1) The polar group-containing olefin copolymer or the thermoplastic resin composition is dissolved in an organic 
solvent such as toluene or xylene to prepare a solution having a concentration of 10 to 50 weight %. Then, the 
solution is added to water together with a hydrophilic solvent, such as methyl alcohol, ethyl alcohol or isopropyl 
alcohol, and an emulsifying agent, and they are stirred by a homomixer or the like to obtain an emulsion. Then, 
from the emulsion, the organic solvent and the emulsifying agent are removed by an evaporator or the like. 

(2) The polar group-containing olefin copolymer or the thermoplastic resin composition is melt kneaded, and to 
the molten kneadate is added water. Then, a step of kneading the resin and water in a state where the resin is still 
molten and a step of adding a basic substance if the modified polyolefin is unneutralized are carried out at the 
same time or successively. 

[0555] Of the above processes, the process (2) is preferably used to prepare the aqueous resin dispersion. The 
process (2) is described below in more detail. 

[0556] First, the polar group-containing olefin copolymer or the thermoplastic resin composition is melt kneaded. The 
temperature in the melt kneading is higher than the melting point of the polar group-containing olefin copolymer or 
higher than the melting point of a resin having the highest melting point among the resins contained in the thermoplastic 
resin composition, preferably such a temperature that the melt viscosity becomes not more than 10^ poise. 
[0557] Then, to the molten kneadate is added water and the resin and water are kneaded in a state wherein the 
resin is still molten so that the resin solids become dispersed particles. If an unneutralized and/or unsaponified polyolefin 
is used, a bask: substance can be added in this step to neutralize the polyolefin. 

[0558] Examples of the basic substances include substances functioning as base in water, such as alkali metals, 
alkaline earth metals, ammonia and amines; substances functioning as base in water, such as oxides, hydroxides, 
weak acid salts or hydrides of alkali metals, and oxides, hydroxides, weak acid salts or hydrides of alkaline earth metals; 
and alkoxides of these metals. Specific examples of such substances are given below. 

[0559] Examples of the alkali metals include sodium and potassium; examples of the alkaline earth metals include 
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calcium, strontium and barium; examples of amines Include inorganic amines such as hydroxylamine and hydrazine, 
methytamrne, ethylamine, ethanolamrne and cyclohexylamine; examples of the oxides, hydroxides and hydrides of 
alkali metals and alkaline earth metals Include sodium oxide, sodium peroxide, potassium oxide, potassium peroxide, 
calcium oxide, strontium oxide, barium oxide, sodium hydroxide, potassium hydroxide, calcium hydroxide, strontium 
hydroxide, barium hydroxide, sodium hydroxide, potassium hydroxide and calcium hydride; examples of the weak acid 
salts of alkali metals and alkaline earth metals include sodium carbonate, potassium carbonate, sodium hydrogencar- 
bonate, potassium hydrogencarbonate. calcium hydrogencarbonate, sodium acetate, potassium acetate and calcium 
acetate; and examples of ammonia and amine compounds include quaternary ammonium compounds such as am- 
monium hydroxide and tetramethylammonium hydroxide. 

[0560] Although the basic substance may be added as such, it is preferably added as an aqueous solution. 
[0561] The step of forming dispersed particles from the resin solids and the step of neutralizing the unneutralized 
and/or unsaponified modified polyotefin may be carried out successively or at the same time. 
[0562] Although the melt kneading may be carried out by any known means, preferred examples of the melt kneading 
means include a kneader, a Banbury mixer and a multi-screw extruder 

[0563] The aqueous dispersion, which is obtained by successively adding water and melt kneading and in which the 
molten resin is dispersed, is then cooled to room temperature naturally or artificially. At this time, the dispersed particles 
are hardened to obtain a stable aqueous resin dispersion. 

[0564] It is a matter of course that, in the preparation of the aqueous resin dispersion of the invention, various side 
materials usually employable for aqueous resin dispersions, such as stabilizer, wetting agent, foaming agent, antifoam- 
Ing agent, coagulating agent, gelatlnlzer anti-aging agent, ptasticizer, filler, colorant, aromatizing agent, anti-blocking 
agent and release agent, may be used in combination. 

[0565] The dispersed particle contained In the aqueous resin dispersion of the invention obtained as above is gen- 
erally spherical, but they do not always need to be spherical. The mean diameter of the dispersed particles is not 
specifically limited, but it is in the range of usually 1 to 20 ^m, preferably 5 to 1 5 ^m. The particle concentration (solids 
concentration) of the aqueous resin dispersion Is not specifically limited, but It Is In the range of usually 5 to 40 % by 
weight. 

[0566] The aqueous resin dispersion of the invention is suitable for bonding of polyolefins which have been difficult 
to bond, such as polyethylene and polypropylene, and the dispersion is useful for bonding a polyolefin to a potyolefin 
or a polyolefin to other material. 

[0567] As the other material, an artsitrary material such as cloth, fiber, plastic, paper or metal is employable. 
[0568] Examples of the cloths or the fibers include natural fibers such as cotton and hemp; Inorganic fibers, such as 
glass fiber, carbon fiber, asbestos fiber and metallic fiber; regenerated fibers, such as viscose rayon and cupra; semi- 
synthetic fibers, such as di- ortri-acetate fiber; nyion-6, nylon-66 and polyester (polyethylene terephthalate) fibers; and 
aromatic pofyamide fiber, acrylic fiber, polyvinyl chloride fiber, polyolefin fiber and insolubilized or sparingly solubtlized 
polyvinyl alcohol fiber Short fibers are applicable to adhesion bonding through flocking. 

[0569] As the plastics, not only polyolefins but also other arbitrary plastics, such as polyvinyl chloride, ABS, polyester, 
polyamide, polycari^onate and an epoxy resin, are available. The plastic molded product to be bonded may be in any 
shape such as sheet, film or other shape. 

[0570] The adhesion bonding can be carried out by applying the aqueous resin dispersion of the invention to an 
adherend surface similariy to a conventional aqueous dispersion type adhesive and then heating the dispersion to 
dryness when needed. 

Solvent dispersion 

[0571] The solvent dispersion of the invention comprises an organic medium and the polar group-containing olefin 
copolymer or the thermoplastic resin composition dispersed therein in a solid state. 

[0572] Examples of the organic media which are good solvents to polyolefins include aromatic hydrocarbons, such 
as benzene, toluene and xylene; aliphatte hydrocarbons, such as hexane, heptane, octane and decane; allcyclic hy- 
drocarbons, such as cyclohexane, cyclohexene and methylcyclohexane; aliphatic alcohols, such as ethanol and iso- 
propanot; ketone solvents, such as acetone, methyl isobutyl ketone and methyl ethyl ketone; and halogenated hydro- 
carbons, such as trichloroethylene, dichloroethylene and chforobenzene. 

[0573] Examples of the organic media which are poor solvents to polyolefins include alcohols, ketones, ethers, esters 
and cellosolves. Specifically, there can be mentioned methanol, ethanol, propanol, butanol, pentanol, hexanol, pro- 
panediol, phenol, diethyl ether, dipropyl ether, dibutyl ether, anisole, dioxane, tetrahydrofuran, acetone, methyl ethyl 
ketone, methyl isobutyl ketone, pentanone, hexanone, isophorone, acetophenone, anhydrous acetic acid, methyl ac- 
etate, ethyl acetate, butyl acetate, methyl propionate, butyl formate, ethyl cellosolve and methyl cellosolve. 
[0574] The organic media can be used singly or in combination of two or more kinds, and it is preferable to use a 
mixture of a good solvent and a poor solvent from the viewpoints of low-temperature flowabllity and dispersion stability. 
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There is no specific limitation on the ratio between a good solvent and a poor solvent. 

[0575] To the solvent dispersion of the invention, known additives, such as pigment, filler and stabilizer, can be added 
when needed, within limits not detrimental to the objects of the invention. 

[0576] In the preparation of the solvent dispersion of the invention, for example, the polar group-containing olefin 
copolymer or the thermoplastic resin composition is mixed with the organic medium and heated to be completely 
dissolved. The temperature for the melting is in the range of usually 100 to 150*»C. Then, the solution is cooled to 
precipitate the polar group-containing olefin copolymer or the thermoplastic resin composition. In order to precipitate 
the copolymer or the composition in the temperature range of 60 to 1 00°C, it is preferable to previously set composition 
of the organic medium and to adjust the average cooling rate to 1 to 20*»C/hr, preferably 2 to 10'C/hr. It is possible to 
dissolve the polar group-containing olefin copolymer or the thennoplastic resin composition in an organic medium 
composed of only a good solvent, adding a poor solvent after completion of precipitation and then conducting further 
precipitation. 

[0577] The dispersed particles contained in the solvent dispersion of the invention obtained as above are generally 
spherical, but they do not always need to be spherical. The mean diameter of the dispersed particles is not specifically 
limited, but it Is in the range of usually 1 to 20 ^m, preferably 5 to 1 5 ^m. The particle concentration (solids concentration) 
of the solvent dispersion is not specifically limited, but it is in the range of usually 5 to 40 % by weight. 
[0578] The resin dispersion used as an adhesive for bonding metal to metal, polyolefin to polyolefin or metal to 
polyolefin exhibits excellent adhesion properties, and hence it is effectively used as an adhesive for PTP packaging 
of medicines, an adhesive for lamination, a coating material or a primer 

Film and sheet 

[0579] The film and the sheet comprising the polar group-containing olefin copolymer or the themioplastic resin 
composition may be a stretched one or an unstretched one, and can be produced by an appropriate known method. 
Examples of the methods to produce the film and the sheet of the invention include extrusion molding, Injection molding, 
inflation molding, blow molding, extrusion blow molding, injection blow molding, press molding, vacuum molding, cal- 
endering and expansion molding. 

[0580] When the film and the sheet comprising the polar group-containing olefin copolymer orthe themioplastic resin 
composition are produced by extrusion molding, an extrusion molding device and molding conditions hitherto known 
are adoptable. For example, using a single-screw extruder, a kneading extruder, a ram extruder, a gear extruder or 
the like, the molten polar group-containing olefin copolymer orthe molten thermoplastic resin composition is extruded 
from a T-die, whereby an unstretched film or sheet can be produced. 

[0581] The film and the sheet of the invention may be those produced'by inflation molding. When the film and the 
sheet of the invention comprising the polar group-containing olefin copolymer or the thermoplastic resin composition 
are produced by inflation molding, drawdown is hardly brought about. 

[0582] When the film and the sheet of the invention comprising the polar group-containing olefin copolymer or the 
thermoplastic resin composition are produced by injection molding, an injection molding device and molding conditions 
hitherto known are adoptable. The polar group-containing olefin copolymer orthe thermoplastic resin composition can 
be injection molded into a film or a sheet having desired shape and thickness. The film and the sheet obtained by 

injection molding may be stretched. 

[0583] The stretched film or sheet can be obtained by stretching an unstretched film or sheet such as the above- 
mentioned extruded film or sheet through a known stretching method such as tentering (lengthwise-crosswise stretch- 
ing, crosswise-lengthwise stretching), simultaneous biaxial orientation or monoaxial stretching. 
[0584] In the stretching of the unstretched film or sheet, the stretch ratio is desired to be in the range of usually 20 
to 70 times in case of biaxial orientation and usually 2 to 10 times in case of monoaxial stretching, though It depends 
upon the thickness of the unstretched film or sheet. The thickness of the stretched film or sheet is preferably in the 
range of 5 to 200 fim, though it depends upon use of the film or sheet. 

[0585] Next, the film and the sheet of the invention having two or more layers of different compositions (sometimes 
refen-ed to as "laminate(s)" hereinafter) are described below. 

[0586] The film or the sheet of a multi-layer structure according to the invention Is a film or a sheet of a multi-layer 
structure consisting of two or more layers having different compositions, and at least one layer of those layers may be 
formed from the polar group-containing olefin copolymer. The film orthe sheet of the invention is a film or a sheet of 
a multi-layer structure consisting of two or more layers having different compositions, and at least one layer of those 
layers may be formed from the thermoplastic resin composition. 

[0587] The film or the sheet of a multi-layer structure according to the Invention also preferably consists of (a) a layer 
comprising the polar group-containing olefin copolymer and (b) a thermoplastic resin layer, or also preferably consists 
of (b) a thermoplastic resin layer and-(c) a layer comprising the thermoplastic resin composition. 
[0588] The laminate of the invention is a film or a sheet of a multi-layer structure consisting of two or more layers 
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having different compositions, and at least one layer of those layers may be formed from the polar group-containing 
olefin copolymer or the themnoplastic resin composition. 
[0589] The laminate desirably consists of: 

(a) a layer comprising the polar group-containing olefin copolymer, and 

(b) a themioptastic resin layer, 

or 

(b) a themnoplastic resin layer, and 

(c) a layer comprising the thermoplastic resin composition. 

[0590] Examples of the thermoplastic resins for fonming the thermoplastic resin layer (b) in the film or the sheet of a 
multi-layer structure include resins used for the aforesaid thermoplastic resin composition, such as polyolefin, polya- 
mide, polyester, polyacetal, polystyrene, acrylonitrile/butadlene/styrene copolymer (ABS), polycarbonate, polyphe- 
nylene oxide, polyacrylate and polyvinyl chloride. These theimoplastlc resins can be used singly or in combination. 
[0591] The thermoplastic resin layer (b) preferably comprises a thennoplastic resin containing at least one resin 
selected from polyolefin, polyamide, polyester, polyacetaL polyvinyl chloride, polystyrene, acrylonitrile/butadiene/sty- 
rene copolymer (ABS) and polycarbonate, and more preferably comprises a thermoplastic resin selected from poly- 
olefin, ethylene/poiar group-containing vinyl copolymer, polyester, polycarbonate and polyarnide. 
[0592] The polyester resin is a polyester formed from dihydroxy compound units and dicarboxylic acid units. The 
dihydroxy compound units are derived from aliphatic glycols, such as ethylene glycol, propylene glycol, 1 ,4-butanediol. 
neopentyl glycol and hexamethylene glycol, alicyclic glycols, such as cyclohexanedimethanol, aromatic dihydroxy com- 
pounds, such as bisphenoL or derived from two or more dihydroxy compounds selected from these compounds. The 
dicarboxylic acid units are derived from aromatic dicarboxylic acids, such as terephthalic acid, Isophthalic acid and 
2,6-naphthalenedicarboxylic acid, aliphatic dicarboxylic acids, such as oxalic acid, succinic acid, adipic acid, sebacic 
acid and undecadicarboxylic acid, alicyclic dicarboxylic acids, such as hexahydroterephthalic acid, or derived from two 
or more dicarboxylic acids selected from these acids. The polyester resin may be modified with a small amount of a 
trivalent or higher polyhydroxy compound or a polycarboxylic acid, such as triol or tricartDoxylic acid. 
[0593] As the thermoplastic polyester resin, polyethylene terephthalate, polybutylene terephthalate, a polyethylene 
isophthalate/terephthalate copolymer or the like is preferably used. 

[0594] As the polycarbonate resin, any of various polycarbonates and copolycarbontes obtained by allowing dihy- 
droxy compounds to react with phosgene or diphenyl carbonate by known processes is employable. 
[0595] Examples of the dihydroxy compounds include hydroquinone, resorcinol, 4,4'-dihydroxydiphenylmethane, 
4,4'-dihydroxydiphenylethane, 4,4'-dihydroxydiphenyl-n-butane, 4,4'-dihydroxydiphenylheptane, 4,4'-dihydroxydiphe- 
nylphenylmethane. 4,4'-dihydroxydiphenyl-2,2-propane (bisphenol A), 4,4'-dlhydroxy-3.3'-dimethyldiphenyl-2,2-pro- 
pane, 4,4*-dihydroxy-3,3'-diphenyldlphenyl-2,2-propane, 4,4'-dihydroxydichlorodiphenyl-2,2-propane, 4,4'-dihydroxy- 
diphenyl-1 ,1-cyclopentane, 4,4'-dihydroxydiphenyl-1 ,1-cyclohexane, 4,4'-dihydroxydiphenylmethylphenylmethane, 
4,4*-dihydroxydiphenylethylphenylmethane, 4,4'-dihydroxydiphenyl-2,2,2-trichloro-1 ,1 -ethane, 2,2'-dihydroxydiphe- 
nyl, 2,6-dihydroxynaphthalene, 4,4*-dihydroxydiphenyl ether, 4,4'-dihydroxy-,3,3'-dichlorodlphenyl ether and 4,4*-dihy- 
droxy-2,5-diethoxylphenyl ether. 

[0596] Polycarbonate using 4,4'-dihydroxydiphenyl-2,2-propane (bisphenol A) out of the above compounds is pref- 
erable because of its excellent mechanical properties and transparency 

[0597] As the polyamide resin, any of various polyamides andcopolyamides obtained by ring-opening polymerization 
of caprolactam or polycondensation reaction of diamines with dicarboxylic acids by known processes is employable. 
Of these, nylon-6, nylon-6,6 or a m-xylenediamine/adipic acid condensation polymer is preferably used. 
[0598] Examples of the polyolefins include an ethylene (co)polymer, a propylene {co)polymer, a butene (co)polymer, 
a 4-methyl-1 -pentene (co)polymer, a 3-methyl-1 -butene (co)polymer and a hexene (co)polymer. Of these, an ethylene 
(co)polymer, a propylene (co)polymer or a 4-methyl-1 -pentene (co)polymer is preferable. As the ethylene (co)polymer, 
an ethylene/vinyl acetate copolymer or an ethyleneA/inyl acetate copolymer saponification product is more preferable. 
[0599] The ethylene content of the ethylene/vinyl acetate copolymer is desired to be in the range of 15 to 60 % by 
mol, preferably 25 to 50 % by mol. The melt flow rate of the ethylene/vinyl acetate copolymer, as measured at 190°C, 
is in the range of 0.1 to 500 g/10 min, preferably 0.1 to 400 g/10 min, more preferably 0.1 to 300 g/10 min. 
[0600] As the ethylene/vinyl acetate copolymer saponification product, preferably used is one obtained by saponifying 
an ethylene/vinyl acetate copolymer having an ethylene content of 15 to 60 % by mol, preferably 25 to 50 % by mol, 
in such a manner that the degree of saponification should become not less than 50 %, preferably not less than 90 %. 
When the ethylene content is in the above range, the saponification product is hardly thermally decomposed, easily 
melt molded and has excellent extensibility, water resistance and gas permeation resistance. When the degree of 
saponification is not less than 50 %, the saponification product has excellent gas penmeation resistance and is pref- 
erable. 
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[0601] In the laminate of the invention, between the thennoplastic resin layer (b) and the polar group olefin copolymer 
layer (a) or the Ihenmoplastic resin composition layer (c) can be interposed, for example, an ethylene (co)polymer or 
a propylene polymer having been graft copolymerized with maleic anhydride. 

[0602] The film and the sheet of a multi-layer structure (laminate) according to the invention may be produced by 
any process. For example, materials for fonning layers are subjected to Integral molding such as co-extrusion to fonn 
a film or a sheet, or a material for forming one layer of the multi-layer structure to form a film or a sheet, followed by 
molding a material for fomiing another layer thereon to form a sheet or a film, or materials for forming layers are each 
molded to films or sheets, followed by laminating them by contact bonding, fusion bonding, adhesion bonding or the like. 
[0603] The laminate of the invention desirably consists of the polar group-containing olefin copolymer layer (a) or 
the thermoplastic resin composition layer (c), and the themnoplastic resin layer (b). To produce such a laminate, there 
is employable a co-extrusion molding process wherein a thennoplastic resin for forming the themnoplastic resin layer 
(b) and the polar group-containing olefin copolymer or the themioplastic resin composition are independently melted 
by different extruders, then fed to a die of two-layer or three-layer structure and co-extruded so that the polar group- 
containing olefin copolymer or the adhesive resin composition forms an intermediate layer, or a sandwich laminating 
process wherein the thermoplastic resin layer (b), and the polar group-containing olefin copolymer layer (a) or the 
thermoplastic resin composition layer (c) are each previously formed and between those layers an adhesive resin 
composition is melt extruded. 

[0604] Of the above processes, the co-extrusion molding process is preferable from the viewpoint of interlaminar 
strength. The co-extrusion molding process includes a T-die process using a flat die and an inflation process using a 
circular die. As the flat die, any of single-manifold type using black box and multi-manifold type is employable. As the 
die for the inflation process, any of known dies is employable. 

[0605] The thickness of each layer of the laminate can be properly determined according to the use of the laminate. 
When the laminate is obtained as a sheet or a film, the thermoplastic resin layer (b) has a thickness of usually 0.01 to 
1 mm, the adhesive layer functioning as an adhesive has a thickness of usually 0.005 to 1 mm, and the polar group- 
containing olefin copolymer layer (a) or the thermoplastic resin composition layer (c) is usually 0.01 to 5 mm. 
[0606] When the laminate of the invention comprises, for example, the polar group-containing olefin copolymer layer 
(a) and the thennoplastic resin layer (b), the structure of the laminate may be a two-layer structure, i.e., (a)/(b), a 
structure wherein the layer (a) is arranged on each side, i.e., (a)/(b)/(a), or a structure wherein another layer (x) such 
as a polyolefin layer is added, i.e.. (a)/(b)/(x)/(b)/(a). (x)/(a)/(b) or (x)/(b)/(a). 

[0607] The film or the sheet of the invention wherein at least one layer Is the polar group-containing olefin copolymer 
layer (a) or the thennoplastic resin composition layer (c) is favorably used as agricultural, wrapping, shrink or protective 
film or sheet. Further, the film or the sheet of the invention can be favorably used as selective separating film, such as 
blood plasma separating film, water permselective vaporization film, ion exchange membrane, battery separator or 
optical resolution film. 

[0608] The sheet or the film of the invention can be applied to various uses such as microcapsule, PTP packaging, 
chemteal bulb and drug delivery system. 

EFFECT OF THE INVENTION 

[0609] The polar group-containing olefin copolymer or the thermoplastic resin composition according to the invention 
is excellent in adhesion properties to polar materials such as metals and polar resins, compatibility and flexibility. 

EXAMPLE 

[0610] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

[0611] In the examples, various properties were measured In the following manner. 
Adhesion properties 
Production of film 

[0612] On a press plate, an aluminum sheet having a thickness of 0.1 mm, a polyimide sheet and an aluminum sheet 
having a thickness of 1 00 ^m from the center of which a square of 20 cm x 20 cm had been cut away were superposed 
in this order, and on the center (cut portion) was placed 4.0 g of a sample (polar group-containing olefin copolymer). 
Then, a polyimide sheet, an aluminum sheet and a press plate were further superposed thereon in this order. 
[0613] The sample interposed between the press plates were placed in a hot press at 1 90°C and preheated for about 
5 minutes. In order to remove bubbles from the sample, operations of pressurizing (50 kg/cm^-G) and pressure release 
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were repeated several times. Subsequently, the pressure was increased to 1 00 kg/cm^-G, and the sample was heated 
for 5 minutes under pressure. After pressure release, the press plates were taken out of the pressing machine and 
transferred into a different pressing machine with a compression section kept at 20°C, followed by cooling for 5 minutes 
under a pressure of 1 00 kg/cm2-G. After pressure release, the sample was taken out. Of the resulting film (polar group- 
5 containing olefin copolymer film), a portion having a uniform thickness of about 150 to 1 70 \um was used to measure 
adhesion strength. 

Measurement of adhesion strength to Al 

10 [0614] The polar group-containing olefin copolymer film was sandwiched between two square aluminum sheets of 
20 cm X 20 cm (thickness: 50 ^.m), and the aluminum sheets and the polar group-containing olefin copolymer film were 
laminated under the same pressing conditions as in the above "Production of film". The resulting laminate was cut to 
give a strip having a width of 15 mm, and the aluminum sheet and the polar group-containing olefin copolymer film 
were peeled from each other at the adhesive interface at a peel angle of 1 80**, to measure peel strength. 

15 

Measurement of adhesion strength to PET 

[0615] The polar group-containing olefin copolymer film was sandwiched between two square homopolyethylene 
terephthalate (PET) films of 20 cm x 20 cm (thickness: 100 ^im), and the PET films and the polar group-containing 
20 olefin copolymer film were laminated under the same pressing conditions as in the above "Production of film" except 
that the press temperature was changed to 280^C and the preset temperature of the cooling press was changed to - 
8'*C. The resulting laminate was cut to give a strip having a width of 15 mm, and the PET film and the polar group- 
containing olefin copolymer film were peeled from each other at the adhesive interface at a peel angle of 180'', to 
measure peel strength. 

25 

Measurement of adhesion strength to Ny 

[0616] The polar group-containing olefin copolymer film was sandwiched between two square nylon 6 films of 20 cm 
X 20 cm (thickness: 1 00 ^im), and the nylon 6 films and the polar group-containing olefin copolymer film were laminated 
30 under the same pressing conditions as In the above "Production of film" except that the press temperature was changed 
to 250°C. The resulting laminate was cut to give a strip having a width of 15 mm, and the nylon 6 film and the polar 
group-containing olefin copolymer film were peeled from each other at the adhesive interface at a peel angle of 180*^, 
to measure peel strength. 

35 Measurement of adhesion strength to EVOH 

[0617] The polar group-containing olefin copolymer film was sandwiched between two square ethyleneA/inyl alcohol 
copolymer films of 20 cm x 20 cm (thickness: 100 ^m), and the ethyleneA/inyl alcohol copolymer films and the polar 
group-containing olefin copolymer film were laminated under the same pressing conditions as in the above "Production 
40 of film" except that the press temperature was changed to 200°C. The resulting laminate was cut to give a strip having 
a width of 15 mm, and the ethyleneA/inyl alcohol copolymer film and the polar group-containing olefin copolymer film 
were peeled from each other at the adhesive interface at a peel angle of 180**, to measure peel strength. 

Impact resistance test, tensile test 

45 

Izod impact strength (notched) 

[0618] The Impact strength was measured at 23*'C In accordance with ASTM D 256. 
50 Tensile test 

[061 9] A dumbbell specimen punched out of a pressed sheet was subjected to a tensile test under the conditions of 
a temperature of 23°C, a span of 30 mm and a pulling rate of 30 mm/min in accordance with ASTM D 638, to measure 
tensile strength and elongation at break. 

55 
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Anti-fogging properties 
Production of film 

[0620] On a press plate, a PET sheet and an aluminum sheet having a thickness of 1 00 \im from the center of which 
a square of 20 cm x 20 cm had been cut away were superposed in this order, and on the center (cut portion) was 
placed 3.3 g of a sample (polar group-containing olefin copolymer). Then, a PET sheet, an aluminum sheet and a press 
plate were further superposed thereon in this order. 

[0621 ] The sample interposed between the press plates were placed in a hot press at 200°C and preheated for about 
7 minutes. In order to remove bubbles from the sample, operations of pressurizing (50 kg/cm^-G) and pressure release 
were repeated several times. Subsequently, the pressure was increased to 1 00 kg/cm^-G, and the sample was heated 
for 2 minutes under pressure. After pressure release, the press plates were taken out of the pressing machine and 
transferred into a different pressing machine with a compression section kept at O^'C, followed by cooling for 4 minutes 
under a pressure of 100 kg/cm^-G. After pressure release, the sample was taken out. The resulting polar group-con- 
taining olefin copolymer film was used to evaluate initial anti-fogging properties. 

Evaluation of initial anti-fogging properties 

[0622] In a 1 00 cc beaker, 70 cc of water was placed, and the upper part of the beaker was covered with the sample 
film. Then, the beaker was placed in a constant temperature water bath at 50**C, and the water bath was allowed to 
stand in a constant temperature room at 20°C. After 24 hours, the degree of fogging on the inside surface of the sample 
film was observed. 

Evaluation criteria: 

[0623] 

AA: Droplets run on the film surface and no droplet sticking to the film surface is obsen/ed. 
BB: Large droplets are sticking to some parts of the film surface. 
CC: Fine droplets are sticking to almost all surface of the film. 

Coating properties 

Cross-cut adhesion test 

[0624] A specimen provided with cross cuts In accordance with the cross-cut adhesion test described in JIS K5400 
was prepared. To the specimen, Cellotape (trade name, available from Nichiban Co., Ltd.) was attached. Then, the 
Cellotape was rapidly pulled up at an angle of 90* and thereby separated from the specimen. The number of cross 
cuts with the coating film remaining thereon was counted and taken as an indication of adhesion properties. 

Filler dispersibility 

Preparation of organicity-imparted montmorillonite 

[0625] In 1 000 ml of distilled water at 70°C, 40 g of Na type montmorillonite was dispersed. Into the resulting sus- 
pension, a solution obtained by mixing 20 g of 12-aminododecanoic acid and 2 ml of hydrochloric acid in 100 ml of 
distilled water was introduced, and they were stirred at 70*^0 for 2 hours to exchange metal ions present between 
montmorillonite layers with organic cations. Then, the precipitate obtained was filtered, sufficiently washed with warm 
water to perform purification, then freeze-dried and pulverized to obtain 27 g of organicity-imparted montmorillonite. 

Preparation of sample for property evaluation 

[0626] To a mixture of 92 parts by weight of a propylene/ethylene block copolymer (ethylene content: 5.6 mol %, 
MFR: 25 g/10 min), 6 parts by weight of the organicity-imparted montmorillonite obtained above and 3 parts by weight 
of the polar group-containing olefin copolymer obtained in each example, Irganox 1 01 0^*^, Irgaphos 1 GB^** and cateium 
stearate were each added in an amount of 0.1 part by weight, and the resulting resin was melt mixed by a twin-screw 
extruder with a diameter of 20 mm at a cylinder temperature of 200°C in a nitrogen atmosphere to prepare pellets. The 
pellets were Injection molded under the conditions of a cylinder temperature of 200" C, a mold temperature of 40'C 
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and an injection pressure of 1000 kg/cm^ to obtain specimens for various property evaluation. The specimens were 
maintained at 23'>C for 168 hours anchthen subjected to tests. 

Flexural modulus (FM) 

5 

[0627] Using an injection molded specimen having a length of 5 inches, a width of 1/2 inch and a thickness of 1/8 
inch, flexural modulus was measured in accordance with ASTM 0 636. 

Izod impact strength (12) 

10 

[0628] Using a specimen (rear notched) having a thickness of 1/4 Inch, Izod impact strength was measured at 23**C 
in accordance with D 258. 

Heat distortion temperature (HPT) 

IS 

[0629] Using an injection molded specimen having a length of 5 inches, a width of 1/4 inch and a thickness of 1/2 
inch, heat distortion temperature was measured in accordance with ASTM D 648. 

Dispersibility in water 

20 

Preparation of water dispersion 

[0630] With 40 g of the polar group-containing olefin copolymer obtained, 4 g of maleic anhydride graft polypropylene 
(propylene/ethylene: 98/2 by mol, maleic anhydride content: 4.0 weight %, viscosity-average molecular weight: 1 7,000, 

25 density: 0.919 g/cm^ melting point: 136*C, softening point: 143°C, melt viscosity (1B0'»C): 500 cps) as modified poly- 
olefin and 1 .2 g of potassium oleate as a surface active agent were mixed at room temperature. Then, the mixture was 
melt kneaded for 5 minutes by a labo-plastomill (preset temperature: 200°C). To the kneadate was then added 1 .4 g 
of a 1 8.7 % aqueous solution of potassium hydroxide, followed by melt kneading for another 5 minutes. Subsequently, 
the contents were taken out of the mill, and the resulting viscous emulsion was dispersed in hot water of eo^C to obtain 

30 an aqueous resin dispersion. 

Measurement of dispersed particle diameter 

[0631] The dispersed parttele diameter was measured using a microtrack manufactured by Honeywell Co. 

35 

Dispersing stability 

[0632] The aqueous resin dispersion obtained in each example was placed In a glass bottle capable of being closed, 
and allowed to stand still at room temperature. After one month, separation between the aqueous phase and the resin 
40 phase was observed. 

Heat-sealing strength to Al 

[0633] Each dispersion was coated on an aluminum foil (50 ^m) by a bar coater, air dried and then heated for 10 
45 seconds in an air oven preset at 200°C to obtain a coated foil having a uniform coating film. The coated foil and a 
LLDPE sheet (available from Akosu Kogyo K.K., thickness: 300 nm) were heat bonded at a temperature of 180'C for 
1 second under a pressure of 1 kg/cm^ by the method in accordance with JIS Z1 707, and then cut to give a specimen 
having a width of 15 mm. The specimen was subjected to a 180" peel test at a measuring temperature of 23^*0 to 
measure adhesion strength (pulling rate: 300 mm/min). 

50 

Dispersibility in solvent 

Preparation of solvent dispersion 

55 [0634] In a 1 -liter glass autoclave equipped with a stirrer, 55 g of the polar group-containing olefin copolymer obtained 
and 495 g of toluene were placed, and they were heated to 130*'C to completely dissolve the resin. Thereafter, the 
solution was cooled down to 85^*0 over a period of 1 hours, then cooled from BS''C down to 40*^0 over a period of 4.5 
hours and then cooled from 40^C down to 30**C over a period of 30 minutes, to obtain a resin dispersion. 
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Measurement of dispersed particle diameter 

[0635] The dispersed particle diameter was measured using a microtrack manufactured by Honeywell Co. 
5 Dispersing stability 

[0636] The solvent dispersion obtained in each example was placed in a glass bottle capable of being closed, and 
allowed to stand still at room temperature. After one month, separation between the solvent phase and the resin phase 
was observed. 

10 

Heat-sealing strength to Al 

[0637] Each dispersion was coated on an aluminum foil (50 p.m) by a bar coater, air dried and then heated for 10 
seconds In an air oven preset at 200*C to obtain a coated foil having a uniform coating film. The coated foil and a 
15 LLDPE sheet (available from Akosu Kogyo K.K.^ thickness: 300 ^im) were heat bonded at a temperature of 1 80*'C for 
1 second under a pressure of 1 kg/cm2 by the method In accordance with JIS Z1 707, and then cut to give a specimen 
having a width of 15 mm. The specimen was subjected to a 180° peel test at a measuring temperature of 23°C to 
measure adhesion strength (pulling rate: 300 mnrVmin). 

20 Example 1 

[0638] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of n-decane was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 1 30°C for 1 0 minutes. Then , 
0.6 mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of undecen-1 -ol (having been dried 
2S over activated alumina) represented by the following formula. 




undecen-l-oi 



30 

[0639] Then, 1 .100 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.002 mmol of dimethylsilylene 
(2,7-dimethyl-4,5-(2-methyl-ben2o)-1 -indenyl)(2,7-di-tert-butylfluorenyl)2lrconlum dichloride and 0.500 mmol of meth- 

35 ylaluminoxane had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the 
polymerization was conducted at 130*C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was 
added to terminate the polymerization. Then, 100 ml of an isobutyl alcohol solution containing 1 ml of a concentrated 
hydrochloric acid aqueous solution was added, followed by heating at 75°C in a nitrogen atmosphere. The polymer 
solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 

40 80°C for 1 2 hours. As a result, 3.73 g of a polymer was obtained. 

[0640] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 

[0641] The polar group-containing olefin copolymer was measured on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table 9. 

^5 Example 2 

[0642] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 90°C for 10 minutes. Then, 
0.6 mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of 1 .2-epoxy-9-decene (having been 
so dried over silica alumina) represented by the following formula. 




1, 2-epoxy-9-clecene 



0 



[0643] Then, 1 .100 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.002 mmol of dimethylsilylene 
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(27-dimethyl-4,5-(2-methyl-ben20)-1-indenyl)(27-dl-tert-butytfluorenyl)2irconlum dichloride and 0.500 mmol of meth- 
ylaluminoxane had been contacted at room temperature for 1 0 minutes was added to Initiate potymerization. After the 
polymerization was conducted at 90°C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was 
added to temiinate the polymerization. Then, 100 ml of an isobutyl alcohol solution containing 1 ml of a concentrated 
5 hydrochloric acid aqueous solution was added, followed by heating at 75°C in a nitrogen atmosphere. The polymer 
solution obtained was Introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 
80°C for 12 hours. As a result, 3.64 g of a polymer was obtained. 

[0644] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 
[0645] The polar group-containing olefin copolymer was measured on the adhesion strength (to PET) by the aforesaid 
10 method. The result Is set forth in Table 9. 

Example 3 

[0646] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of n-decane was placed, 
IS then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 90*»C for 1 0 minutes. Then. 
0.6 mmol Of trilsobutylaluminum was added, followed by further adding 0.48 mmol of (2,7-octadien-1-yl)succinic an- 
hydride (having been dried over activated alumina) represented by the following formula. 




0 

{2, 7-octadien-l-yl) succinic anhydride 

30 [0647] Then, 1 .1 00 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.002 mmol of dimethylsilylene 
(2,7-dimethyl-4,5-(2-methyl-ben2o)-1-indenyl)(2,7-di-tert-butylfluorenyl)2irconium dichloride and 0.500 mmol of meth- 
ylaluminoxane had been contacted at room temperature for 10 minutes was added to initiate polymerization. After the 
polymerization was conducted at 130*'C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was 

35 added to terminate the polymerization. Then, 100 ml of an isobutyl alcohol solution containing 1 ml of a concentrated 
hydrochloric acid aqueous solution was added, followed by heating at 75°C in a nitrogen atmosphere. The polymer 
solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 
80"*C for 12 hours. As a result, 3.18 g of a polymer was obtained. 

[0648] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 
40 [0649] The polar group -containing olefin copolymer was measured on the adhesion strength (to Ny) by the aforesaid 
method. The result is set forth In Table 9. 

Example 4 

45 [0650] Copolymerization of propylene and a polar group-containing monomer was carried out in the same manner 
as In Example 1, except that 0.00075 mmol of dimethylsilylene(2-methyl-4-phenanthryl-1-indenyl)zirconium dichloride 
was used instead of dimethylsilylene(27-dimethyl-4,5-(2-methyl-benzo)-1 -indenyl)(27-di-tert-butylfluorenyl)zirconium 
dichloride, pentapropenyl succinic anhydride represented by the following formula was used as the polar group-con- 
taining monomer, and polymerization was conducted at BO^'C for 30 minutes with passing propylene instead of ethylene. 

50 



55 
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0 



5 




0 



,0 Pentapropenyl succinic anhydride 

[0651] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 
[0652] The polar group-containing olefin copolymer was measured on the adhesion strength (to EVOH) by the afore- 
said method. The result is set forth in Table 9. 

15 

Example S 

[0653] Polymerization was carried out in the same manner as in Example 4, except that 1 ,2-epoxy-9-decene was 
used instead of pentapropenyl succinic anhydride. Properties of the resulting polar group-containing olefin copolymer 
20 are set forth in Table 8. 

[0654] To 20 weight % of the polar group-containing olefin copolymer obtained above. 80 weight % of nylon 6 (relative 
viscosity: 2.35 dl/g) was added, and the mixture was melt kneaded by a twin-screw extruder with a diameter of 20 mm 
at 250'C to prepare a thermoplastic resin composition. The themnoplastlc resin composition was subjected to an impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth in Table 9. 

25 

Example 6 

[0655] To 1 0 weight % of the polar group-containing olefin copolymer obtained in Example 4. 30 weight % of nylon 
6 (relative viscosity: 2.35 dl/g) and 60 weight % of a propylene homopolymer (MFR (230°C, load of 2.16 kg): 2.2 g/10 
30 min) were added, and the mixture was melt kneaded by a twin-screw extmder with a diameter of 20 mm at 250**C to 
prepare a themioplastic resin composition. The thermoplastic resin composition was subjected to an impact resistance 
test and a tensile test by the aforesaid methods. The results are set forth in Table 9. 

Comparative Example 1 

35 

[0656] To 70 Weight % of a propylene homopolymer (MFR (230''C, load of 2.16 kg): 2.2 g/10 min), 30 weight % of 
nylon 6 (relative viscosity: 2.35 dl/g) was added, and the mixture was melt kneaded by a twin-screw extruder with a 
diameter of 20 mm at 250* C to prepare a thermoplastic resin composition. The thermoplastic resin composition was 
subjected to an impact resistance test and a tensile test by the aforesaid methods. The results are set forth in Table 9. 

40 

Example 7 

[0657] From the polar group-containing olefin copolymer obtained in Example 1 , a film was produced in the aforesaid 
manner Using the film, anti-fogging properties were evaluated. The result is set forth in Table 9. 

45 

Example 8 

[0658] Polymerization was carried out in the same manner as in Example 1 , except that delta 12-trldecenol repre- 
sented by the following formula was used instead of undecen-1 -oJ and propylene was used instead of ethylene. 

50 




OH 



delta 12-tridecenol 

55 

[0659] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 

[0660] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
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The result is set forth in Table 9. 
Example 9 

s [0661] Using the polar group-containing olefin copolymer obtained in Example 4, filler disperslbility was evaluated 
by the aforesaid nnethod. The result is set forth in Table 9. 

Comparative Example 2 

10 [0662] Filler dispersibility was evaluated in the same manner as in Example 9, except that no polar group-containing 
olefin copolymer was used. The result Is set forth in Table 9. 

Example 10 

IS [0663] Using the polar group-containing olefin copolymer obtained in Example 1 , a water dispersion was prepared 
in the aforesaid manner, and dispersibility in water was evaluated by the aforesaid method. The result Is set forth in 
Table 9. 

Example 1 1 

20 

[0664] Copolymerization of ethylene and a polar group-containing monomer was carried out in the same manner as 
in Example 1 , except that undecylenic acid represented by the following formula was used instead of undecen-1-ol. 

OH 

undecylenic acid 

30 [0665] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 8. 

[0666] Using the polar group-containing olefin copolymer thus obtained, a water dispersion was prepared in the 
aforesaid manner, and dispersibility in water was evaluated by the aforesaid method. The result is set forth in Table 9. 

Example 12 

35 

[0667] Using the polar group-containing olefin copolymer obtained In Example 3, a solvent dispersion was prepared 
In the aforesaid manner, and dispersibility in solvent was evaluated by the aforesaid method. The result is set forth in 
Table 9. 
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Table 9 







Property Items 


Property value 


Unit 


5 


Ex. 1 


Adhesion strength (to A!) 


2 


Kgf/1 5mm 




Ex. 2 


Adhesion strength (to PET) 


broken substrate 


Kgf/1 5mm 




Ex. 3 


Adhesion strength (to Ny) 


6.2 


Kgf/1 5mm 


10 


Ex. 4 


Adhesion strength (to EVOH) 


6.5 


Kgf/1 5mm 


Ex. 5 


IZ 


32 


J/m 






Tensile strength 


41 


MPa 






Elongation at break 


11 


% 


15 


Ex. 6 


12 


28 


J/m 






Tensile strength 


40 


MPa 






Elongation at break 


13 


% 


20 


Comp Ex,1 


12 


15 


J/m 




Tensile strength 


22 


MPa 






Elongation at break 


4 


% 




Ex. 7 


Anti-fogging properties (visual observation) 


AA 


" 


25 


Ex. 8 


Cross-cut adhesion test 


100/100 


number of cuts/ number of cuts 




Ex.9 


FM 


1900 


MPa 







12 


55 


J/m 


30 




HOT 


129 


*»C 


Comp Ex. 2 


FM 


1250 


MPa 






IZ 


52 


J/m 






HOT 


115 


-c 


35 


Ex. 10 


Dispersed particle diameter 


0.7 








Dispersion stability 


not separated 








Heat-sealing strength to Al 


2 


Kgf/1 5mm 


40 


Ex. 11 


Dispersed particle diameter 


0.6 


Jim 




Dispersion stability 


not separated 








Heat-sealing strength to Al 


2.5 


Kgf/1 5mm 




Ex. 12 


Dispersed particle diameter 


10 


pjn 


45 




Dispersion stability 


not separated 








Heat-sealing strength to Al 


3 


Kgf/1 5mm 



Example 1 3 

50 

[0668] In a 2-liter stainless steel (SUS) autoclave thoroughly purged with nitrogen, 1 20 g of 1 -butene, 880 ml of Mitsui 
hexane and 1 .50 mmol of triisobutylaiumlnum were placed. The SUS autoclave was heated up to ISO^'C, and 1 .140 
mmol of methylaluminoxane was added, followed by further adding 1.350 mmol of undecen-1-ol (having been dried 
over activated alumina and then vacuum distilled) represented by the following formula. With keeping the temperature 
55 at 150°C, the autoclave was pressurized with ethylene so that the total pressure became 30 kg/cm?-G. 
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undecen-l-ol 



10 



[0669] Separately, into a 20 ml glass flask thoroughly purged with nitrogen, a toluene slurry solution in which 0.00075 
mmol of dimethylsllylene{2-nnethyl-4,5-benzo-1-indenyl)(2,7-di-tert-butylfluorenyl)2irconium dichloride and 0.4300 
mmol of methylafuminoxane had been contacted at room temperature for 10 minutes was injected with nitrogen, and 
600 Nml of hydrogen was further injected. For the period of 10 minutes after the injection, the temperature in the 
autoclave was maintained at 150°C and the pressure therein was maintained at that immediately after the injection by 
pressurizing with ethylene. Then, a small amount of isobutyl alcohol was added to terminate the polymerization. The 
polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80**C for 12 hours. As a result, 10.40 g of a polymer was obtained. The polymerization activity was 83 kg/ 
mmolZr-hr. 

[0670] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 0. 

[0671 ] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 

The result is set forth in Table 11. 



Example 1 4 



20 



[0672] Ethylene, 1-butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
ample 13, except that undecylenic acid represented by the following fomiula was used instead of undecen-1-ol. 



25 




undecylenic acid 



[0673] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 10. 
30 [0674] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 
method. The result is set forth in Table 11 . 

Example 15 



35 



[0675] Ethylene. 1 -butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
ample 13, except that 1 ,2-epoxy-9-decene represented by the following formula was used instead of undecen-1 -ol and 
550 Nml of hydrogen was used. 




1, 2-epoxy-9-decene 



45 



[0676] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 0. 
[0677] To 20 weight % of the polar group-containing olefin copolymer obtained above, 80 weight % of nylon 6 (relative 
viscosity: 2.35 dl/g) was added, and the mixture was melt kneaded by a twin-screw extruder with a diameter of 20 mm 
at 250°C to prepare a thermoplastic resin composition. The thermoplastic resin composition was subjected to an Impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth In Table 1 1 . 



so Example 16 



[0678] Ethylene, 1-butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
ample 13, except that (2,7-octadien-1 -yl)succinic anhydride represented by the following formula was used instead of 
undecen-1 -ol and 550 Nml of hydrogen was used. 
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10 



{2f 7-octadien-l-yl) succinic anhydride 



IS 



[0679] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 10. 
[0680] To 20 weight % of the polar group-containing olefin copolymer obtained above, 80 weight % of nyion 6 (relative 
viscosity: 2.35 dl/g) was added, and the mixture was melt kneaded by a twin-screw extruder with a diameter of 20 mm 
at 250*C to prepare a thermoplastic resin composition. The thermoplastic resin composition was subjected to an impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth in Table 1 1 . 



30 



35 



40 



45 



Example 17 



20 



[0681] Ethylene, propylene and a polar group-containing monomer were polymerized in the same manner as in 
Example 1 6, except that propylene was injected at an initial partial pressure of 3 kg/cm^ instead of 1 -butene. hydrogen 
was not added, and polymerization was conducted at a polymerization temperature of 80*0. 
[0682] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 0. 
[0683] To 20 weight % of the polar group-containing olefin copolymer obtained above, 80 weight % of nylon 8 (relative 
viscosity: 2.35 dl/g) was added, and the mixture was meft kneaded by a twin-screw extruder with a diameter of 20 mm 
at 250*C to prepare a thermoplastic resin composition. The themioplastic resin composition was subjected to an impact 
resistance test and a tensile test by the aforesaid methods. The results are set forth in Table 11 . 



50 
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Table 11 





Property items 


Property value 


Unit 


Ex. 13 


Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 14 Ex. 14 


Adhesion strength (to Al) 


3.6 3.6 


Kgf/ISmm Kgf/ISmm 


Ex, 15 


IZ 


490 


J/m 




Tensile strength 


40 


MPa 




Elongation at break 


40 


% 


Ex. 16 


IZ 


260 


J/m 




Tensile strength 


45 


MPa 




Elongation at break 


120 


% 


Ex. 17 


IZ 


265 


J/m 




Tensile strength 


46 


MPa 




Elongation at break 


122 


% 



Example 1 8 

[0684] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of n-decane was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 130°C for 1 0 minutes. Then, 
0.6 mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of delta 12-tridecenol (having been 
dried over activated alumina and then vacuum distilled) represented by the following formula. 



30 




delta 12-tridecenol 

[0685] Then, 1 .100 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.002 mmol of dimethylsilylene 
(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-tert-butylfluorenyl)2irconium dlchloride and 0.500 mmol of meth- 
ylaluminoxane had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the 
polymerization was conducted at 130*C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was 
added to temiinate the polymerization. Then, 100 ml of an isobutyl alcohol solution containing 1 ml of a concentrated 
hydrochloric acid aqueous solution was added, followed by heating at 75^ C in a nitrogen atmosphere. The polymer 
solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 
80''C for 12 hours. As a result, 3.44 g of a polymer was obtained. 

[0686] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 1 2. 

[0687] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 

The result is set forth in Table 13. 

Example 19 

[0688] Propylene and a polar group-containing monomer were copolymerized in the same manner as in Example 
1 8, except that 0.00075 mmol of dimethylsilylene(2-methyl-4-phenanthryl-1 -indeny})zirconium drchloride was used in- 
stead of dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1 -indenyl)(2,7-di-tert-butylfluorenyl)zirconium dichloride 
and polymerization was conducted at SO^C for 30 minutes with passing propylene instead of ethylene. 
[0689] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 12. 
[0690] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 13. 
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Example 20 

[0691 ] In a 2-liter stainless steel (SUS) autoclave thoroughly purged with nitrogen, 1 20 g of 1 -butene, 950 ml of Mitsui 
hexane and 1.50 mnnol of triisobutylalumlnum were placed. The SUS autoclave was heated up to ISO^C, and 1.140 
mmol of methylaluminoxane was added, followed by further adding 1.350 mmol of delta 12-tridecenol (having been 
dried over silica alunnina and then vacuum distilled) represented by the above formula. With keeping the temperature 
at ISO^'C, the autoclave was pressurized with ethylene so that the total pressure became 30 kg/cm^-G. Separately, 
into a 20 ml glass ftask thoroughly purged with nitrogen, a toluene slurry solution in which 0.00075 mmol of dimethyl- 
silylene(2-methyl-4,5-ben20-1-indenyl)(2,7-di-lert-butylfluorenyl)zirconium dichloride and 0.4300 mmol of methylalu- 
minoxane had been contacted at room temperature for 10 minutes was injected with nitrogen, and 600 Nml of hydrogen 
was further injected. For the period of 10 minutes after the injection, the temperature In the autoclave was maintained 
at 150°C and the pressure therein was maintained at that immediately after the injection by pressurizing with ethylene. 
Then, a small amount of isobutyl alcohol was added to terminate the polymerization. The polymer solution obtained 
was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 80**C for 12 hours. 
As a result, 10.40 g of a polymer was obtained. The polymerization activity was 83 kg/mm ol-Zr-hr. 
[0692] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 12. 
[0693] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 13. 

Example 21 

[0694] Ethylene and a polar group-containing monomer were copolymerized in the same manner as in Example 18, 
except that pentadec-14-enolc acid represented by the following formula was used instead of delta 12-tridecenol. 




pentadec-14-enoic acid 

[0695] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 12. 

[0696] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table 13. 

Example 22 

[0697] Propylene and a polar group-containing monomer were copolymerized in the same manner as in Example 
1 9, except that pentapropenyl succinic anhydride represented by the following formula was used instead of delta 1 2-tri- 
decenol. 



0 




0 



Pentapropenyl succinic anhydride 

[0698] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 12. 

[0699] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table 13. 
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Table 13 





Evaluation items 


Property value 


Unit Unit 


Ex. 18 


Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 19 


Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 20 


Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 21 


Adhesion strength (to A!) 


3 


Kgf/1 5mm 


Ex. 22 


Adhesion strength (to Al) 


3.5 


Kgf/lSmm 



Example 23 



[0700] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 m! of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 60°C for 10 minutes. Then, 
0.6 mmol of triisobutylaluminum was added, followed by further adding 0.48 mmot of (2,7-octadien-1-yl)succinic an- 
hydride represented by the following formula. 




(2> 7-octadien-l-yl) succinic anhydride 

[0701] Then, 1.100 mmol of methylatuminoxane was further added, and passing of nitrogen was stopped, followed 
by passing propylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.0075 mmol of dimethylsilylene 
{2-methyl-4-phenanthryl-1-indenyl)2irconium dichtoride and 0,500 mmol of methylaluminoxane had been contacted at 
room temperature for 1 0 minutes was added to initiate polymerization. After the polymerization was conducted at 60**C 
for 30 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. 
Then, 100 ml of an isobutyl alcohol solution containing 1 ml of a concentrated hydrochloric acid aqueous solution was 
added, followed by heating at 75^C in a nitrogen atmosphere! The polymer solution obtained was introduced into a 
large excess of methanol to precipitate a polymer and then vacuum dried at 80*'C for 12 hours. A& a result, 1 .75 g of 
a polymer was obtained. 

[0702] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 14. 

[0703] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table. 15. 

Example 24 



[0704] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at SO^'C for 1 0 minutes. Then, 
0.6 mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of 1 ,2-epoxy-9-decene (having been 
dried over silica alumina) represented by the following formula. 




1, 2-epoxy-9-decene 



55 

[0705] Then, 1 .1 00 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.002 mmol of dimethylsilylene 
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(27-dimethyl-4,5-(2-methyNbenzo)-1-lndenyl)(27-di-tert-butylfluorenyl)zirconium dichloride and 0.500 mmol of meth- 
ylaluminoxane had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the 
polymerization was conducted at 90°C for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was 
added to terminate the polymerization. Then, 100 ml of an isobutyl alcohol solution containing 1 ml of a concentrated 
5 hydrochloric acid aqueous solution was added, followed by heating at 75**C in a nitrogen atmosphere. The polymer 
solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at 
80°C for 12 hours. As a result, 3.08 g of a polymer was obtained. 

[0706] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 14. 
[0707] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 
10 method. The result is set forth in Table 1 5. 

Example 25 

[0708] Ethylene and a polar group-containing monomer were copolymerized in the same manner as In Example 24, 
IS except that 4-hex-5-enyloxy-phenol represented by the following fonmula was used Instead of 1 ,2-epoxy-9-decene. 



20 




4-hex-5-enyloxy-phenol 

25 

[0709] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 4. 

[0710] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to PET) by the aforesaid 

method. The result is set forth in Table 15. 
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Table 15 





Evaluation items 


Property value 


Unit 


Ex. 23 


Adhesion strength (to Al) 


3.6 


Kgf/15mm 


Ex. 24 


Adhesion strength (to PET) 


broken substrate 


Kgf/15mnn 


Ex. 25 


Adhesion strength (to PET) 


3 


Kgf/15mm 



10 Example 26 

[0711] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen. 400 mi of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 0°C for 10 minutes. Then, 
0.6 mmol of thisobutylaluminum was added, followed by further adding 0.48 mmol of undecen-1-o) represented by the 
IS following formula. 




undecen-l-ol 

20 

[0712] Then, 1 .100 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing 1-butene at a rate of 12.5 l/hr. Finally, a toluene slurry solution in which 0.0020 mmol of dimethylsitylene 
(2-methyl-4-phenanthryl-1-indenyl)2irconium dichloride and 0.500 mmol of methylaluminoxane had been contacted at 
room temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at O^'C 
25 for 60 minutes at atmospheric pressure, a small amount of Isobutyl alcohol was added to terminate the polymerization. 
Then, 100 ml of an Isobutyl alcohol solution containing 1 ml of a concentrated hydrochloric acid aqueous solution was 
added, followed by heating at JS'^C in a nitrogen atmosphere. The polymer solution obtained was Introduced into a 
large excess of methanol to precipitate a polymer and then vacuum dried at &0°C for 12 hours. As a result, 0.25 g of 
a polymer was obtained. 

30 [0713] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 16. 

[0714] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 1 7. 

Example 27 

35 

[0715] 1-Butene and a polar group-containing monomer were polymerized in the same manner as in Example 26. 
except that 1 ,2-epoxy-9-decene represented by the following formula was used instead of undecen-l-ol. 




" 1, 2-epoxy-9-decene 

45 [0716] Properties of the resulting polar group-containing olefin copolymer are set forth In Table 16. 

[071 7] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to PET) by the aforesaid 
method. The result is set forth in Table 17. 

Example 28 

50 

[0718] 1-Butene and a polar group-containing monomer were polymerized in the same manner as in Example 26, 
except that 1 .35 mmol of undecylenic acid represented by the following formula was used instead of undecen-1 -oi and 
1.5 mmol of triisobutylaluminum was used. 

55 
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^ undecylenic acid 

[0719] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 16. 

[0720] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table 1 7. 

Example 29 

[0721] 1 -Butene and a polar group-containing monomer were polymerized In the same manner as in Example 26, 
except that (2,7-octadien-1-y))succinlc anhydride represented by the following formula was used instead of undecen- 
l-ol. 



0 




0 



(2, 7-octadien-l-yl) succinic anhydride 

[0722] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 16. 

[0723] The polar group-containing olefin copolymer was evaluated on the adhesion strength (to Al) by the aforesaid 

method. The result is set forth in Table 1 7. 
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Table 17 





Evaluation items 


Property value 


Unit 


Ex. 26 


Cross-cut adhesion test 


100/100 


nunnber of cuts/number of cuts 


Ex. 27 


Adhesion strength 23''C substrate 
(to PET) 80»C substrate 


broken 
broken 




Ex. 28 


Adhesion strength 23'*C 


2.8 


Kgf/15mm 




(to Al) 80'C 


2.8 


Kgf/15nnnn 


Ex. 29 


Adhesion strength 23°C 


3.5 


Kgf/1 5mm 




(to Al) 80*C 


3.5 


Kgf/15mm 



Example 30 

[0724] In a 300 ml glass polymerization reactor thoroughly purged with nitrogen, 40 ml of 1 -octene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 60°C for 10 minutes. Then, 0.6 
mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of undecen-1-ol represented by the 
following formula. 




undecen-l-ol 



(0725] Then, 1 .100 mmol of methylaluminoxane and 40 ml of 1 -octene were further added. Finally, a toluene slurry 
solution in which 0.002 mmol of dimethylsilylene(2-methyl-4-phenanthryl-1 -indenyl)2irconium dichloride and 0.500 
mmol of methylaluminoxane had been contacted at room temperature for 10 minutes was added to initiate polymeri- 
zation. After the polymerization was conducted at 20°C for 60 minutes at atmospheric pressure, a small amount of 
isobutyt alcohol was added to temriinate the polymerization. Then, 100 ml of an isobuty! alcohol solution containing 1 
mt of a concentrated hydrochloric acid aqueous solution was added, followed by heating at 75''C in a nitrogen atmos- 
phere. The polymer solution obtained was introduced Into a large excess of methanol to precipitate a polymer and then 
vacuum dried at 80'C for 12 hours. As a result, 0.25 g of a polymer was obtained. 
[0726] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 8. 
[0727] The polar group-containing olefin copolymer was evaluated on the coating properties by the aforesaid method. 
The result is set forth in Table 19. 

Example 31 

[0728] 1 -Octene and a polar group-containing monomer were polymerized in the same manner as in Example 30, 
except that 1 ,2-epoxy-9-decene represented by the following fonnula was used instead of undecen-1 -ol. 




[0729] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 8. 

[0730] The polar group-containing olefin copolymer was subjected to an impact resistance test and a tensile test by 

the aforesaid methods. The results are set forth in Table 1 9. 

Example 32 

[0731 ] 1 -Octene and a polar group-containing monomer were polymerized in the same manner as In Example 30, 
except that 1 .35 mmot of undecylenic acid represented by the following fonnula was used instead of undecen-1 -ol and 
1 .5 mmol of triisobutylaluminum was used. 
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undecylenic acid 



[0732] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 18. 

[0733] The polar group-containing olefin copolynner was subjected to an impact resistance test and a tensile test by 

the aforesaid methods. The results are set forth In Table 19. 

Example 33 

[0734] 1 -Octane and a polar group-containing monomer were polymerized in the same manner as in Example 30, 
except that (2,7-actadien-1 -yl)succlnlc anhydride represented by the following formula was used instead of undecen- 
l-ol. 



0 




0 

(2, 7-octadien-l-yl) succinic anhydride 

[0735] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 1 8. 

[0736] The polar group-containing olefin copolymer was subjected to an impact resistance test and a tensile test by 

the aforesaid methods. The results are set forth in Table 1 9. 



163 



EP 1 186 619 A2 



10 



20 



25 
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(0 



Crystal 
Unity 
(%) 


o 
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o 




1 
1 


0.12 


0.15 


0.10 


0.05 


Mw/Mn 


CM 


CM 
CM 


CM 


CM 
CM 


* 

fu 


(g/10 min) 


70.00 


67.05 


62.13 


70.00 


1—. ^ 


in 

CM 


CM 


n 

CM 


in 

CM 


Composition 
(molar ratio) 


99.5 /0.5 


99.75/0.25 


99.75/0.25 


99.75/0.25 


X 

3 U 
•H C 

C 4J 

o c 

O <D 


HO 


epoxy 
group 


COOH 


acid 
anhydride 
group 
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c u 
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heptyl 


heptyl 


heptyl 


heptyl 




Ex. 30 


Ex. 31 


Ex. 32 


Ex. 33 
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Table 19 





CVaiUallQn iierns 


nropeny vaiue 


unit unit 


Ex. 30 


Cross-cut adhesion test 


100/100 


number of cuts/number of cuts 


Ex. 31 


IZ 


260 


J/m 




Tensile strength 


42 


MPa 




Elongation at break 


125 


% 


Ex. 32 


IZ 


505 


J/hri 




Tensile strength 


35 


MPa 




Elongation at break 


42 


% 


Ex.33 


Adhesion strength (to Al) 


2 


Kgf/1 5mm 



[0737] In the following Examples 34 to 39, preparation of specimens and measurements of mechanical properties 
were made as follows. 

20 Preparation of specimen 

[0738] A graft copolymer obtained in the example was molded by a 55-ton injection molding machine (IS55EPN 
manufactured by Toshiba Machine Co., Ltd.) at a cylinder temperature of 200'*C and a mold temperature of 40°C. 
[0739] In the following Examples 34 to 39, measurements of flexural modulus, Rockwell hardness and pencil hard- 
25 ness, and calculation of (4y(5) by ^H-NMR were made as follows. 

Flexural modulus 

[0740] The flexural modulus was measured using a specimen having a thickness of 1/8 inch under the conditions of 
30 a span of 51 mm and a flexural rate of 20 mm/min in accordance with ASTM C790. 

Rockwell hardness (HR) 

[0741] The Rockwell hardness was measured using a square plate of 2 mm (thickness) x 120 mm (length) x 130 
35 mm (width) in accordance with ASTM D785. 

Pencil hardness 

[0742] The pencil hardness was measured using a specimen having a thickness of 1/8 inch under the conditions of 
40 a temperature of 23'C in accordance with JIS K5401 . 

Calculation of (4)/(5) by ^ H^NMR 

[0743] 

45 

Device: JOEL GFX400 type nuclear magnetk: resonance device 
Observation nucleus: ''H 
Observation frequency: 400 MIHz 
Pulse width: 45*» 
50 Repetition time: 5.0 seconds 

Number of integration times: 8000 
Measuring temperature: 115°C 
Measuring solvent: orthodichlorobenzene 

Measurement: The resulting polymer of 25 to 40 mg was dissolved in orthodichlorobenzene, and NMR was 
55 measured under the above measuring conditions. 
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Example 34 



[0744] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at QO'^C for 1 0 minutes. Then, 
2.0 mmol of triisobutytaluminum was added, followed by further adding 1 .88 mmol of undecen-1-ol (having been dried 
over activated alumina and then vacuum distilled) represented by the following fonnula. 



[0745] Then, 1 .100 mmol of methylaluminoxane was further added, and passing of nitrogen was stopped, followed 
by passing ethylene at a rateof 5 l/hr. Finally, a toluene slurry solution in which 0.008 mmolof dimethylsilytene(2,7-dime- 
thyl-4,5-{2-methyl-benzo)-1-i^denyl)(2,7-di-tert-butylfluorenyl)zlrconium dichloride and 2.00 mmol of methylaluminox- 

is ane had been contacted at room temperature for 1 0 minutes was added to initiate polymerization. After the polymer- 
ization was conducted at 90*^0 for 1 hour at atmospheric pressure, a small amount of isobutyl alcohol was added to 
terminate the polymerization. Then, 1 00 ml of an isobutyl alcohol solution containing 1 ml of a concentrated hydrochloric 
acid aqueous solution was added, followed by heating at 75*'C in a nitrogen atmosphere. The polymer solution obtained 
was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at SO^'C for 12 hours. 

20 As a result, 12.21 g of a polymer having an ethylene/side chain monomer molar ratio of 99.2/0.8 was obtained. 

[0746] A 1500 ml autoclave equipped with a thermometry tube, a manometer, a stirrer and an alkytene oxide feed 
pipe was charged with 1 2.0 g of the ethylene/side chain monomer copolymer (ethylene/side chain monomer = 99.2/0.8 
by mol), 31.0 mg of tetrakis[tris(dimethylamlno)-phosphoranylideneamlno]phosphonlum hydroxide ([ 
(Me2N)3P=N]4P+OH-) synthesized in the same manner as described in EP0791600, p. 32, and 800 g of tetralin. Then, 

2S the contents were heated to 125**C and allowed to undergo reaction at the same temperature for 12 hours with inter- 
mittently feeding 3.1 g of ethylene oxide so as to maintain the pressure at 0.9 MPa (absolute pressure). Subsequently, 
the unreacted ethylene oxide remaining in the autoclave was distilled off at the same temperature under reduced 
pressure. Then, the contents were cooled to room temperature and poured into 800 ml of methanol. The white solid 
precipitated was separated by filtration, and to the solid was further added 20 ml of methanol, followed by heating 

30 under reflux for 30 minutes. The mixture was subjected to hot filtration, and the resulting solid was dried at 60°C under 
reduced pressure, to obtain 1 0.1 g of a graft copolymer in which about 1 3 ethylene oxide units were graft polymerized 
based on one hydroxy I group. 

[0747] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 
[0748] Further, anti-fogging properties of a film obtained from the polar group-containing branched olefin copolymer 
35 were evaluated by the aforesaid method. The result is set forth in Table 21. Measurement of the (4)/(5) ratio of the 
polymer by ^H-NMR resulted in 100/0. 



40 [0749] In a 1000 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, 
then nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 90°C for 1 0 minutes. Then, 
1 .08 mmol of triisobutytaluminum was added, followed by further adding 0.90 mmol of undecen-1 -ol (having been dried 
over activated alumina and then vacuum distilled). Further, 1 .1 00 mmol of methylaluminoxane was added, and passing 
of nitrogen was stopped, followed by passing ethylene at a rate of 100 l/hr. Finally, a toluene slurry solution in which 

45 0.008 mmol of dimethylsilylene(2,7-dimethyl-4,5-(2-methyl-benzo)-1-indenyl)(2,7-di-tert-butylfluorenyl)zirconium 
dichloride and 2.00 mmol of methylaluminoxane had been contacted at room temperature for 10 minutes was added 
to initiate polymerization. After the polymerization was conducted at gO'^C for 1 hour at atmospheric pressure, a small 
amount of isobutyl alcohol was added to terminate the polymerization. Then, 100 ml of an isobutyl alcohol solution 
containing 1 ml of a concentrated hydrochloric acid aqueous solution was added, followed by heating at 75*C in a 

so nitrogen atmosphere. The polymer solution obtained was introduced into a large excess of methanol to precipitate a 
polymer and then vacuum dried at 80*C for 12 hours. As a result, 14.83 g of a polymer having an ethylene/side chain 
monomer molar ratio of 99.75/0.25 was obtained. 

[0750] Then, polymerization was earned out in the same manner as in Example 34, except that 12.0 g of the polymer 
obtained above and 15.1 g of ethylene oxide was used. As a result, 11.8 g of a graft copolymer in which about 65 
S5 ethylene oxide units were graft polymerized based on one hydroxyl group was obtained. 

[0751] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 
[0752] Further, anti-fogging properties of a film obtained from the polar group-containing branched olefin copolymer 
were evaluated by the aforesaid method. The result is set forth in Table 21 . 



10 





Example 35 
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Example 36 

[0753] The procedure of Example 34 was repeated, except that 5.0 g of propylene oxide was used Instead of ethylene 
oxide. As a result, 10.3 g of a graft copolymer in which about 10 propylene oxide units were graft polymerized based 
5 on one hydroxy! group was obtained. 

[0754] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 
[0755] Further, anti-fogging properties of a film obtained from the polar groupKjontaining branched olefin copolymer 
were evaluated by the aforesaid method. The result is set forth in Table 21 . Measurement of the (4)/(5) ratio of the 
polymer by ^H-NMR resulted in 99/1 . 

10 

Example 37 

[0756] Using the ethylene/side chain monomer polymer (ethylene/slde chain monomer = 99.75/0.25 by mo!) prepared 
in Example 35, polymerization was carried out with intermittently feeding 3.1 g of ethylene oxide. As a result, 11 .8 g 
'5 of a graft copolymer in which about 1 3 ethylene oxide units were graft polymerized based on one hydroxy! group was 
obtained. 

[0757] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 
[0758] Further, anti-fogging properties of a film obtained from the polar group-containing branched olefin copolymer 
were evaluated by the aforesaid method. The result is set forth in Table 21 . 

20 

Example 38 

[0759] The procedure of Example 34 was repeated, except that 7.75 g of a-hydroxyisopropyl phenyl ketone was 
further charged In addition to the starting materials, the pressure was changed to 0.2 MPa from 0.9 MPa, 5.8 g of 
25 methyl methacrylate was used instead of ethylene oxide, and tetrahydrofuran was used instead of methanol. As a 
result, 11 .3 g of a graft copolymer in which about 20 methyl methacrylate units were graft polymerized based on one 
hydroxyl group was obtained. 

[0760] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 
[0761] Further, mechanical properties of the polar group-containing branched olefin copolymer were evaluated by 
30 the aforesaid method. The result is set forth in Table 21 . 

Example 39 

[0762] In a 2-liter stainless steel (SUS) autoclave thoroughly purged with nitrogen, 1 05 g of 1 -octene, 895 ml of Mitsui 
35 hexane and 1 .50 mmol of triisobutylaluminum were placed. The SUS autoclave was heated up to ISO'^C, and 1 .140 
mmol of methylalumlnoxane was added, followed by further adding 1.350 mmol of undecen-l-ol (having been dried 
over activated alumina and then vacuum distilled). With keeping the temperature at ISO^'C, the autoclave was pres- 
surized with ethylene so that the total pressure became 30 kg/cm^-G. Separately, into a 20 ml glass flask thoroughly 
purged with nitrogen, a toluene slurry solution in which 0.00075 mmol of dimethylsilylene(2-methyl-4,5-benzo-1-lnde- 
40 nyl)(2,7-di-tert-butylfluorenyl)zirconium dichloride and 0.4300 mmol of methylalumlnoxane had been contacted at room 
temperature for 10 minutes was injected with nitrogen, and 600 Nml of hydrogen was further Injected. For the period 
of 1 0 minutes after the injection, the temperature in the autoclave was maintained at 1 50°C and the pressure therein 
was maintained at that immediately after the injection by pressurizing with ethylene. Then, a small amount of isobutyl 
alcohol was added to terminate the polymerization. The polymer solution obtained was introduced into a large excess 
4S of methanol to precipitate a polymer and then vacuum dried at 80*'C for 1 2 hours. As a result, 8.45 g of a polymer was 
obtained. 

[0763] Using 8 g of this polymer, polymerization was canied out with Intemiittently feeding 3.1 g of ethylene oxide 
similarly to Example 34. As a result, 11 .8 g of a graft copolymer in which about 13 ethylene oxide units were graft 
polymerized based on one hydroxyl group was obtained. 
50 [0764] Properties of the resulting polar group-containing branched olefin copolymer are set forth in Table 20. 

[0765] Further, disperstbility of the polar group-containing branched olefin copolymer in water was evaluated by the 
aforesaid method. The-result is set forth in Table 21 . 
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Table 21 





cvaiuaiion iiems 


Property value 


Unit 


tX. o4 


Anti-fogging properties (visual observation) 


AA 




Ex. 35 


niiii luyyiiiy (JiUfJcillcs ^Visual Ouo6rVaUUri/ 


A A 

AA 




Ex. 36 


Anti-fogging properties (visual observation) 


AA 




Ex. 37 


Anti-fogging properties (visual observation) 


AA 




Ex. 38 


FM 


2500 






Rockwell hardness 


115 






Pencil hardness 


2H 






HDT 


130 




Ex. 39 


Dispersed particle diameter 


0.4 


Jim 




Dispersion stability 


not separated 





20 Example 40 

[0766] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75*^0 for 10 minutes. Then, 
0.8000 mmol of methylaluminoxane was added, followed by further adding 0. 1 000 mmol of undecen-1 -ol (having been 
25 dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 

through at a rate of 100 l/hr 

[0767] Finally, 0.0008 mmol of isopropylidene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)zirconium dichforide was 
added to initiate polymerization. After the polymerization was conducted at 75**C for 15 minutes at atmospheric pres- 
sure, a small amount of isobutyl alcohol was added to terminate the polymerization. The polymer solution obtained 
30 was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at SO'^C for 12 hours. 
As a result. 0.90 g of a polymer was obtained. The polymerization activity was 4.5 kg/mmol*Znhr, and the melting point 
of the polymer was 129.0°C. 

Example 41 

35 

[0768] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 t/hr, and the contents were maintained at 75*^0 for 10 minutes. Then, 
1 .1000 mmol of methylaluminoxane was added, followed by further adding 0.15 mmol of undecen-1 -ol (having been 
dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 

40 through at a rate of 1 00 l/hr. 

[0769] Finally, a toluene slurry solution in which 0.0160 mmol of diphenylmethylene(cyclopentadienyl)-(fluorenyl) 
zirconium dichforide and 1 .1000 mmol of methylaluminoxane had been contacted at room temperature for 10 minutes 
was added to Initiate polymerization. After the polymerization was conducted at 75°C for 30 minutes at atmospheric 
pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. The polymer solution obtained 

45 was introduced into a large excess of methanol to precipitate a polymer and then vacuum dried at SO'^C for 12 hours. 
As a result, 6.67 g of a polymer was obtained. The polymerization activity was 0.83 kg/mmol Zr-hr, and [ti] of the polymer 
was 3.82 dl/g. 

Example 42 

so 

[0770] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75*»C for 10 minutes. Then, 
1.1000 mmol of methylaluminoxane was added, followed by further adding 0.20 mmol of undecen-1 -ol (having been 
dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 
55 through at a rate of 1 00 l/hr. Finally, a toluene slurry solution in which 0.01 60 mmol of (tert-butylamido)dfmethyl-(tetram- 
ethylcyclopentadienyl)silanetitanium dichloride and 1.1000 mmol of methylaluminoxane had been contacted at room 
temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at 75*^C for 
1 hour at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. The 



169 



EP 1 186 619 A2 



polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80°C for 12 hours. As a result, 2.54 g of a polymer was obtained. The polymerization activity was 0.03 kg/ 
mmol-Zr hr, [t|J of the polymer was 3.55 dl/g, the melting point thereof was 129*C, and the polar group introduction 
ratio thereof, as measured by ^H-NMR, was 0.25 mol %. 

5 

Example 43 

[0771] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr. and the contents were maintained at 75°C for 10 minutes. Then, 
10 1 .1400 mmol of methylaluminoxane was added, followed by further adding 0.20 mmol of undecen-1-ol (having been 
dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 
through at a rate of 1 00 l/hr. 

[0772] Finally, a toluene slurry solution in which 0.0008 mmol of dimethylsilylene(2-methyl-4,5-b6nzo-1-indenyl) 
(2,7-di-tert-butylfluorenyl)zlrconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
IS temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at 75'*C for 
5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to temninate the polymerization. The 
polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80°C for 12 hours. As a result, 3.23 g of a polymer was obtained. The polymerization activity was 48.45 kg/ 
mmol-Zr hr, and [iiJ of the polymer was 9.37 dl/g. 

20 

Example 44 

[0773] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75*'C for 10 minutes. Then, 
25 1 .1400 mmol of methylaluminoxane was added, followed by further adding 0.30 mmol of undecen-1 -ol (having been 
dried over silica alumina and then vacuum distilled). Then, passing of nitrogen was stopped, and ethylene was passed 
through at a rate of 100 l/hr 

[0774] Finally, a toluene slurry solution in which 0.0016 mmol of dimethylsiiy!ene(2-methyl-4,5-ben2o-1-indenyl) 
(2,7-di-tert-butylfluorenyl)zirconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
30 temperature for 1 0 minutes was added to initiate polymerization. After the polymerization was conducted at 75*C for 
5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to tenninate the polymerization. The 
polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80°C for 12 hours. As a result, 2.46 g of a polymer was obtained. The polymerization activity was 18,45 kg/ 
mmol-Zr-hr, and [r\] of the polymer was 7.89 dl/g. 

35 

Example 45 

[0775] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75**C for 10 minutes. Then, a 
40 toluene solution of 0.480 mmol of triethylalumlnum and 0.480 mmol of undecen-1 -ol (having been dried over silica 
alumina and then vacuum distilled) having been pretreated at room temperature for 10 minutes was added, followed 
by further adding 1 .1 400 mmol of methylaluminoxane. Then, passing of nitrogen was stopped, and ethylene was passed 
through at a rate of 100 l/hr. 

[0776] Finally, a toluene slurry solution in which 0.0020 mmol of dimethylsitylene(2-methyM,5-benzo-1 -indenyl) 
^5 (2,7-di-tert-butylfluorenyl)zirconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at 75''C for 
2 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to temilnale the polymerization. The 
polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at SO^C for 12 hours. As a result, 3.63 g of a polymer was obtained. The polymerization activity was 36.3 kg/ 
50 mmol-Zr hr, and [t|] of the polymer was 4.97 dl/g. 

Example 46 

[0777] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
55 nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75"»C for 1 0 minutes. Then, 0.480 
mmol of triisobulylalumlnum was added, followed by further adding 0.48 mmol of undecen-1 -ol (having been dried over 
silica alumina and then vacuum distilled). After stirring for 3 minutes, 1 .1400 mmol of methylaluminoxane was added, 
then passing of nitrogen was stopped, and ethylene was passed through at a rate of 1 00 l/hr 
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[0778] Finally, a toluene slurry solution in which 0.0017 mmol of dimethylsilylene(2-nr)ethyi-4,5-benzo-1-inctenyl) 
(2,7-€li-tert-butylfluorenyl)zirconlum dichtorlde and 0.4300 mmol of methylalumlnoxane had been contacted at room 
temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at 75'*C for 
2.5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. 
The polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at BOX for 12 hours. As a result, 3.00 g of a polymer was obtained. The polymerization activity was 42.3 kg/ 
mmolZrhr. 

Example 47 



[0779] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75*»C for 1 0 minutes. Then, 0.750 
mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of undecen-1 -aldehyde (having been 
dried over silica alumina and then vacuum distilled). After stirring for 3 minutes, 1 .1400 mmol of methylaluminoxane 

'5 was added, then passing of nitrogen was stopped, and ethylene was passed through at a rate of 1 00 l/hr. 

[0780] Finally, a toluene slurry solution in which 0.0017 mmol of dlmethylsilylene(2-methyl-4,5-ben2o-1-lndenyl) 
(2,7-di-tert-butylfluorenyl)zirconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
temperature for 10 minutes was added to initiate polymerization. After the polymerization was conducted at 75"C for 
2.5 minutes at atmospheric pressure, a small amount of isobutyl alcohol was added to terminate the polymerization. 

20 The polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at SO^'C for 12 hours. As a result, 4.50 g of a polymer was obtained. The polymerization activity was 63.5 kg/ 
mmol-2r-hr. 



Example 48 



[0781] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene vyas placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at 75**C for 1 0 minutes. Then, 0.480 
mmol of triisobutylaluminum was added, followed by further adding 0.48 mmol of decene-1 -amine (having been dried 
over silica alumina and then vacuum distilled). After stirring for 3 minutes, 1.1400 mmol of methylaluminoxane was 

30 added, then passing of nitrogen was stopped, and ethylene was passed through at a rate of 1 00 l/hr. 

[0782] Finally, a toluene slurry solution in which 0.0017 mmol of dimethylsilylene(2-methyM,5-benzo-1-lndenyl) 
(2,7-dl-tert-butylfluorenyl)zlrconium dichloride and 0.4300 mmol of methylaluminoxane had been contacted at room 
temperature for 10 minutes was added to Initiate polymerization. After the polymerization was conducted at 7S°C for 
2.5 minutes at atmospheric pressure, a small amount of Isobutyl alcohol was added to terminate the polymerization. 

35 The polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80**C for 12 hours. As a result, 0.80 g of a polymer was obtained. The polymerization activity was 11 .3 kg/ 
mmol-Zr-hr. 



Examples 49. 50. 51 . 52, 53. 54, 55. 56, 57 and 58 

[0783] Polar group-containing olefin copolymers were prepared under the same conditions as In Example 40, except 
that the types and the amounts of the a-olefin and the polar group-containing monomer, the type and the amount of 
the trialkylaluminum compound, and the polymerization temperature and the polymerization time were changed as 
shown in Table 22. The results are set forth in Table 22. 
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Comparative Example 3 

[0784] In a 500 ml glass polymerization reactor thoroughly purged with nitrogen, 400 ml of toluene was placed, then 
nitrogen was passed through at a rate of 20 l/hr, and the contents were maintained at TS'^C for 1 0 minutes. Then, 0.480 

5 mmol of ethylatuminum sesquichloride was added, followed by further adding 0.48 mmol of decene-1 -amine (having 
been dried over silica alumina and then vacuum distilled). After stirring for 3 minutes, 1 .1400 mmol of ethytaluminum 
sesquichloride was added, then passing of nitrogen was stopped, and ethylene was passed through at a rate of 1 00 l/hr. 
[0785] Finally, a toluene slurry solution in which 20.001 7 mmol of VO(OC2H5)CI and 0.4300 mmol of ethylaluminum 
sesquichloride had been contacted at room temperature for 10 minutes was added to initiate polymerization. After the 

10 polymerization was conducted at TS^'C for 2.5 minutes at atmospheric pressure, a small amount of isobutyl alcohol 
was added to terminate the polymerization. The polymer solution obtained was Introduced into a large excess of meth- 
anol to attempt precipitation of a polymer, however, any polymer was not obtained. 

Example 59 

IS 

[0786] In a 2-liter stainless steel (SUS) autoclave thoroughly purged with nitrogen, 120 g of 1 -butene, 880 ml of Mitsui 
hexane and 1.50 mmol of triisobutytaluminum were placed. The SUS autoclave was heated up to 150°C, and 1.140 
mmol of methylaluminoxane was added, followed by further adding 1.350. mmol of undecen-1-ol (having been dried 
over activated alumina and then vacuum distilled) represented by the following formula. With keeping the temperature 
20 at 150°C, the autoclave was pressurized with ethylene so that the total pressure became 2.9 MPa-G (30 kg/cm^-G). 

undecen-l-ol 

2S 

[0787] Separately, into a 20 ml glass flask thoroughly purged with nitrogen, a toluene slurry solution in whbh 0.00075 
mmol of dimethylsilylene(2-methyl-4,5-benzo-1-indenyl)(2,7-di-tert-butyIfluorenyl)zirconium dichloride and 0.4300 
mmol of methylaluminoxane had been contacted at room temperature for 10 minutes was injected with nitrogen, and 
600 Nml of hydrogen was further injected. For the period of 10 minutes after the injection, the temperature in the 
30 autoclave was maintained at 150°C and the pressure therein was maintained at that immediately after the injection by 
pressurizing with ethylene. Then, a small amount of Isobutyl alcohol was added to terminate the polymerization. The 
polymer solution obtained was introduced into a large excess of methanol to precipitate a polymer and then vacuum 
dried at 80''C for 12 hours. As a result, 10.40 g of a polymer was obtained. The polymerization activity was 83 kg/ 
mmol-2r-hr 

35 [0788] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 23. 
Example 60 

[0789] Ethylene, 1 -butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
40 ample 59, except that undecylenic acid represented by the following formula was used instead of undecen-1 -ol. 



45 




undecylenic acid 



[0790] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 23. 
Example 61 

[0791] Ethylene, 1 -butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
ample 59, except that 1 ,2-epoxy-9-decene represented by the following fomnula was used instead of undecen-1 -ol and 
550 Nml of hydrogen was used. 
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0 

1 , 2-epoxy-9-decene 

[0792] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 23. 
Example 62 

[0793] Ethylene, 1 -butene and a polar group-containing monomer were polymerized in the same manner as in Ex- 
ample 59, except that (2,7-octadien-1 -yl)succinic anhydride represented by the following fonnula was used instead of 
undecen-1 -ol and 550 Nml of hydrogen was used. 



0 




0 



(2, 7-octadien-l-yl) succinic anhydride 

[0794] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 23. 
Example 63 

[0795] Ethylene, propylene and a polar group-containing monomer were polymerized in the same manner as in 
Example 62, except that propylene was injected at an initial partial pressure of 3 kg/cm^ instead of 1 -butene, hydrogen 
was not added, and the polymerization was conducted at a polymerization temperature of 80°C. 
[0796] Properties of the resulting polar group-containing olefin copolymer are set forth in Table 23. 
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Claims 

1 . A polar group-containing olefin copolymer comprising a constituent unit represented by the following formula (1 ), 
a constituent unit represented by the following fomiula (2) and a constituent unit represented by the following 

5 formula (3), having a molecular weight distribution (Mw/Mn) of not more than 3, and having an intensity ratio of 

Tap to Taa+Tap (Tap/(Taa+TaP)), as detemiined from a ^^C-NMR spectrum of said copolymer, of not more than 
1.0: 

10 — CH2--CH— CH2-CH — CH2-CH— 

L I2 I3 

r2 r3 

(R*),— (X)p 

... (1) ... (2) ... (3) 

wherein R'' and R2 may be the same or different and are each a hydrogen atom or a straight-chain or branched 
aliphatic hydrocarbon group of 1 to 18 carbon atoms; R^ is a hydrocarbon group; is a hetero atom or a group 
20 containing a hetero atom; r is 0 or 1 ; X is a polar group selected from an alcoholic hydroxyl group, a phenolic 

hydroxyl group, a carboxylic acid group, a carboxylic acid ester group, an acid anhydride group, an amino group, 
an amide group, an epoxy group and a mercapto group; p is an integer of 1 to 3; and when p is 2 or 3, each X may 
be the same or different, and in this case, if r is 0, X may be bonded to the same or different atom of R3, and if r 
is 1 , X may be bonded to the same or different atom of R*. 

25 

2. The polar group-containing olefin copolymer as claimed In claim 1 , wherein R^ in the constituent unit represented 
by the formula (3) is a hydrocarbon group of 11 or more carbon atoms. 

3. The polar group-containing olefin copolymer as claimed in claims 1 or 2, wherein X in the constituent unit repre- 
30 sented by the formula (3) is a polar group selected from a phenolic hydroxyl group, a carboxylic acid ester group, 

an acid anhydride group, an amino group, an amide group, an epoxy group and a mercapto group. 

4. The polar group-containing olefin copolymer as claimed in claims 1 to 3, wherein R"" in the constituent unit repre- 
sented by the fomiula (1) and R^ in the constituent unit represented by the formula (2) are each a hydrocarbon 

35 group of 2 or more carbon atoms and the crystallinity of said copolymer, as detennined by X-ray diffractometry, Is 

not less than 10%. 

5. The polar group-containing olefin copolymer as claimed In claims i to 3, wherein R"" in the constituent unit repre- 
sented by the formula (1) and R2 in the constituent unit represented by the formula (2) are each a hydrocarbon 

40 group of 2 or more carbon atoms and the crystallinity of said copolymer, as detennined by X-ray diffractometry, is 

less than 10%. 

6. A branched type polar group-containing olefin copolymer comprising a constituent unit represented by the following 
fomiula (1) and a constituent unit represented by the following formula (4), and optionally a constituent unit rep- 
resented by the following formula (5), having a molecular weight distribution (Mw/Mn) of not more than 3, and 
having an intensity ratio of Tap to Taa-i-Tap (Tap/(Taa+Tap)), as detemiined from a ^^C-NMR spectrum of said 
copolymer, of not more than 1 .0: 

so — CH2-CH— CH2— CH— CH2— CH — 

R^ r5 r5 

W,-tRS),-(.0-2)p { R%—mn 



55 



(1) ...(4) -..(5) 
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wherein is a hydrogen atom or a straight-chain or branched aliphatic hydrocarbon group of 1 to 1 8 carbon 
atonns; is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a 
polymer segment obtained by any one of anionic polymerization, ring-opening polymerization and polycondensa- 
tion; W is a hydroxyl group or an epoxy group; p is an integer of 1 to 3, q is 0, 1 or 2, and p+q < 3; when p is 2 or 
3, each -0-2 may be the same or different, and in this case, if r is 0, -O-Z may be bonded to the same or different 
atom of R5, and if r is 1 , -O-Z may be bonded to the same or different atom of R^; when q is 2, each W may be 
the same or different, and in this case, if r is 0, W may be bonded to the same or different atom of R^, and if r is 
1 , W may be bonded to the same or different atom of R^; in case of psi and q^1 , if r is 0, W and -O-Z may be 
bonded to the same or different atom of R^, and if r is 1 , W and -O-Z may be bonded to the same or different atom 
of R6; m is 0 or 1 ; n is an integer of 1 to 3; and when n is 2 or 3, each W may be the same or different, and in this 
case, if m is 0. W may be bonded to the same or different atom of R^, and if m Is 1 , W may be bonded to the same 
or different atom of R^. 



IS 



7. The branched type polar group-containing olefin copolymer as claimed in claim 6, wherein, in the formula (4), r is 
0 and Z is a polymer segment obtained by anionic polymerization. 



20 



2S 



8. The branched type polar group-containing olefin copolymer as claimed in claim 6, wherein, in the formula (4). Z 
is a polymer segment obtained by ring-opening polymerization or polycondensation. 

9. A polar group-containing olefin copolymer comprising a constituent unit represented by the following formula (1) 
and a constituent unit represented by the following formula (6) and, optionally a constituent unit represented by 
the following formula (3), having a molecular weight distribution (Mw/Mn) of not more than 3, and having an intensity 
ratio of Ta^ to Taa+TaP (To(3/(Taa+Tap)), as determined from a ^^C-NMR spectrum of said copolymer, of not 
more than 1 .0: 



30 



-CH,— CH— 

I' 



— CH2--CH— 



(R-*)r— (X)p 



. (1) 



(3) 




R'— (Y)n 



35 



40 



wherein R^ is a hydrogen atom or a straight-chain or branched aliphatic hydrocarbon group of 1 to 18 carbon 
atoms; R^ is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; R^ is a direct bond 
or an aliphatic hydrocarbon group of 1 or more carbon atoms; R^ is a hydrogen atom, a direct bond or an aliphatic 
hydrocarbon group of 1 or more carbon atoms; Y is a polar group containing O and/or N; m and n are each an 
integer of 0 to 2, and m+n is not 0; s is 0 or 1 ; r is 0 or 1 ; X is a polar group selected from an alcoholic hydroxyl 
group, a phenolic hydroxyl group, a carboxylic acid group, a carboxyllc acid ester group, an acid anhydride group, 
an amino group, an amide group, an epoxy group and a mercapto group; p is an integer of 1 to 3; when p is 2 or 
3, each X may be the same or different, and in this case, if r is 0, X may be bonded to the same or different atom 
of R3 and if r is 1 , X may be bonded to the same or different atom of R^. 



45. 



10. A process for preparing a polar group containing olefin copolymer, comprising copolymertzing at least one a-olefin 
selected from a-olefins of 2 to 20 carbon atoms and at least one polar group-containing monomer selected from 
a polar group-containing monomer represented by the following fomnula (7) and a polar group-containing monomer 
represented by the following formula (8) in the presence of a catalyst comprising: 



so 



(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actlnoid) to Group 10 
of the periodic table, and 

(B) at least one compound selected from: 



(B-1) an organoaluminum oxy-compound, 

(8-2) a compound which reacts with the compound (A) to fomi an ion pair, and 
(B-3) an organoaluminum compound; 
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(R^),— (X)p 

... (7) 

wherein is a hydrocarbon group; is a hetero atom or a group containing a hetero atom; r is 0 or1 ; X is 
a polar group selected from an alcoholic hydroxyl group, a phenolic hydroxyl group, a carboxylic acid group, 
a carboxylic acid ester group, an acid anhydride group, an amino group, an amide group, an epoxy group and 
a mercapto group; p is an integer of 1 to 3; when p is 2 or 3, each X may be the same or different, and in this 
case, if r is 0, X may be bonded to the same or different atom of R^, and if r is 1 , X may be bonded to the same 
or different atom of R*; 




wherein R7 Is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; R® is a hydrogen 
atom, a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is a polar group containing 
O and/or N; m and n are each an Integer of 0 to 2, and m+n is not 0; and s is 0 or 1 . 



The process for preparing a polar group-containing olefin copolymer as claimed in claim 1 0, wherein the transition 
metal compound (A) is represented by any one of the following formulas (11), (12), (13), (14), (15) and (16) and 
the polar group-containing monomer is a polar group-containing monomer of the formula (7) wherein X is -OH; 




. . . (11) 



wherein W is a transition metal atom of Group 4 of the periodic table; R25, r26 r27 ^^^^^ r28 5^ the same or 
different and are each a hydrogen atom, a nitrogen-containing group, a phosphorus-containing group, a hydrocar- 
bon group of 1 to 20 carbon atoms, a halogen ated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-con- 
taining group, a sulfur-containing group, a silicon<containing group or a halogen atom; of the groups indicated by 
R25, R26^ R27 R28, a part of the groups neighboring with each other may be bonded to fonn a ring together 
with carbon atoms to which those groups are bonded; X^ and X^ may be the same or different and are each a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen- 
containing group, a sulfur-containing group, a silicon-containing group, a hydrogen atom or a halogen atom; and 
is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing 
group, -0-, -CO-, -S-. -SO-, -SOg-, -Ge-. -Sn-, -NR21-. -P(R21)-, .p(0)(R2i)-, -BR2i- or -AIR21. (each R2i may be 
the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 
to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hy- 
drocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 
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...(12) 

wherein W is a transition metal atom selected from Group 4 of the periodic table; Cp is a cyclopentadienyl group 
10 or its derivative that is ic-bonded to M''; is a ligand containing an oxygen atom, a sulfur atom, a boron atom or 

an element of Group 1 4 of the periodic table; is a ligand containing an atom selected from a nitrogen atom, a 
phosphorus atom, an oxygen atom and a sulfur atom; and each may be the same or different and is a hydrogen 
atom, a halogen atom, a hydrocarbon group which has 20 or less carbon atoms and may contain 1 or more double 
bonds, a silyl group containing 20 or less silicon atoms, a gemiyl group containing 20 or less germanium atoms 
'5 or a boronyt group containing 20 or less boron atoms; 



20 



25 




. . . (13) 



wherein M** Is a transition metal atom selected from Group 4 of the periodic table; R*'^ to R^^, Ri7 to R20, and R^^ 
may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group, a halogen atom or a hydrogen atom; of the groups indicated by R^^. R''2, R13^ r14^ ri7^ r18 r19 r20 
R'^i, a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms 
to which those groups are bonded (except a case where all of R^^ H^^, R^^^ ri4^ r17^ r18^ ri9^ r20 ancj r41 are 
hydrogen atoms and a case where R12 or R^^ is a tert-butyl group and the residual R^^, R^^, R"'3, R^*, R^^^ ris^ 
Ri9^ r2o and R*^ are hydrogen atoms); and X^ may be the same or different and are each a hydrocarbon group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group, a hydrogen atom or a halogen atom; and V Is a divalent 
hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, 
a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing group, -0-, 
-CO-. -S-, -SO-, -SO2-, -Ge-, -Sn-, -NR21-. -P(R2i)., .p(0)(R2i)-, -BRSi- or -AIR21- (each R21 may be the same or 
different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon 
atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hydrocarbon groups 
of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



so 
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. . . (14) 

wherein is a transition metal atom selected from Group 4 of the periodic table; R^i , Ri2 r4i Q^d R^2 may be 
the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon 
group of 1 to 40 carbon atoms, an oxygen -containing group, a sulfur-containing group, a silicon-containing group, 
a halogen atom or a hydrogen atom; of the groups indicated by R^2^ |:j4i r42^ g part of the groups neigh- 
boring with each other may be bonded to form a ring together with carbon atorns to which those groups are bonded; 
X"* and may be the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom; and V is a divalent hydrocarbon group of 1 to 20 carbon 
atoms (when all of R^^, R*"" and R^2 are hydrogen atoms, is not ethylene), a divalent halogenated hydro- 
carbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent gennanium-contalning group, 
a divalent tin-containing group, -0-, -CO-, -S-, -SO-.-SOg-, -Ge-, -Sn-, -NR2i., -P(R2i)., .p(0)(R2i)-, .BR2*'.or - 
AIR21- (each R2i may be the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue 
in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



35 



40 




... (15) 

wherein W is a transition metal atom selected from Group 4 of the periodic table; R^i and R42 may be the same 
or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group of 1 to 
40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a halogen 
atom or a hydrogen atom; of the groups indicated by R"*"" and R*2, a part of the groups neighboring with each other 
may be bonded to fomi a ring together with carbon atoms to which those groups are bonded; and X2 may be 
the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, 
a hydrogen atom or a halogen atom; and is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium- 
containing group, a divalent tin-containing group, -0-, -CO-. -S-, -SO-, -SOg-, -Ge-, -Sn-, -NR21-, -P(R2i)-,-P(0) 
(R^**)-, -BR21- or -AIR21- (each R2i may be the same or different and is a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen 
compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen 
atom); 
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(16) 



wherein is a transition metal atom selected from Group 4 of the periodic table; R^^ r15 to r20^ ^^^1 
IS may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 

carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group, a halogen atom or a hydrogen atom; of the groups indicated by R^\ Ri2 r15^ ri6^ riV^ ri8^ ri9^ r2° and 
R^2, a part of the groups neighboring with each other may be bonded to fonm a ring together with carbon atoms 
to which those groups are bonded; and may be the same or different and are each a hydrocarbon group of 
20 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a 

sulfur-containing group, a silicon-containing group, a hydrogen atom or a halogen atom; and is a divalent hy- 
drocarbon group of 1 to 20 carbon atoms (when all of R^^ R''2, Ris^ ri6 r17^ r18 ri9^ r20 and R^2 hydrogen 
atoms, V is not ethylene)^ a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon- 
containing group, a divalent germanium-containing group, a divalent tin-containing group, -0-, -CO-, -S-, -SO-, 
25 .SO2-, -Ge-. -Sn-. -NR2t-, -P{R21)-, .p(0)(R2i)-. -BR2^-or -AIR21- (each R2i may be the same or different and is 

a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a 
hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hydrocarbon groups of 1 to 
20 carbon atoms are bonded to the nitrogen atom). 

30 12. The process for preparing a polar group-containing olefin copolymer as claimed In claim 1 0, wherein the transition 
metal compound (A) is represented by any one of the following fonnulas (11), (12), (13), (14), (15) and (16) and 
the polar group-containing monomer is a polar group-containing monomer of the formula (7) wherein X is -NR'R" 
(R' and R" may be the same or different and are each a hydrogen atom or an alkyi group); 

35 



40 



45 ... (11) 

wherein is a transition metal atom of Group 4 of the periodic table; R^s, r26 r27 and R^a may be the same or 
different and are each a hydrogen atom, a nitrogen-containing group, a phosphorus-containing group, a hydrocar- 
bon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-con- 

50 taining group, a sulfur-containing group, a silicon-containing group or a halogen atom; of the groups indicated by 

r25 R26 R27 ancj p28^ g pg^t of the groups neighboring with each other may be bonded to fonri a ring together 
with carbon atoms to which those groups are bonded; and X^ may be the same or different and are each a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen- 
containing group, a sulfur-containing group, a silicon-containing group, a hydrogen atom or a halogen atom; and 

55 is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 

barbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing 
group, -0-, -CO-, -S-, -SO-, -SOg-, -Ge-, -Sn-, -NR21-, -P(R2i).. .p(0)(R2i)-, -BR21- or .AIR21. (each R2i may be 
the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 
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to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue in which one or two hy- 
drocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen atom); 



5 




10 

. . . (12) 

wherein MMs a transition metal atom selected from Group 4 of the periodic table; Cp is a cyclopentadlenyl group 
or its derivative that is 7i-bonded to M''; Z"" Is a ligand containing an oxygen atom, a sulfur atom, a boron atom.or 
IS an element of Group 14 of the periodic table; is a ligand containing an atom selected from a nitrogen atom, a 

phosphorus atom, an oxygen atom and a sulfur atom; and each may be the same or different and is a hydrogen 
atom, a halogen atom, a hydrocarbon group which has 20 or less carbon atoms and may contain 1 or more double 
bonds, a silyl group containing 20 or less silicon atoms, a gemiyl group containing 20 or less gennanium atoms 
or a boronyl group containing 20 or less boron atoms; 

20 




. (13) 



wherein is a transition metal atom selected from Group 4 of the periodic table; R^i to R^'^, R^^ to R20, and R"*^ 
may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group, a halogen atom or a hydrogen atom; of the groups indicated by R^V R^2 r13 r14 ri7^ ris r19 r2o 
R^^ a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms 
to which those groups are bonded (except a case where all of R^^ R12^ ri3^ r14^ r17^ ri9^ r20 and R*** are 
hydrogen atoms and a case where R12 or R13 Is a tert-butyl group and the residual R^^ W^, R^^, Ri*. R"'^, Ri8^ 
R*"^, R20 and R'^i are hydrogen atoms); X"" and X^ may be the same or different and are each a hydrocarbon group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, 
a sulfur-containing group, a silicon-containing group, a hydrogen atom or a halogen atom; and is a divalent 
hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, 
a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing group, -0-, 
-CO-, -S-, -SO-, -SO2-, -Ge-. -Sn-. -NR21., -P(R21)., -P(0)(R2i)., -BR2i. or -AIR21- (each R2i may be the same or 
different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon 
atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue In which one or two hydrocarbon groups 
of 1 to 20 carbon atoms are bonded to the nitrogen atom); 
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. . . (14) 



wherein is a transition metal atom selected from Group 4 of the periodic table; r41 ^^d may be 

the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon 
group of 1 to 40 carbon atoms, an oxygen -containing group, a sulfur-containing group, a stlicon-contalning group, 
a halogen atom or a hydrogen atom; of the groups indicated by r41 and R^^, a part of the groups neigh- 

boring with each other may be bonded to form a ring together with carbon atoms to which those groups are bonded; 
X"* and X2 may be the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom; and is a divalent hydrocarbon group of 1 to 20 carbon 
atoms (when all of Rl^ R12, r4i and R^ are hydrogen atoms. is not ethylene), a divalent halogenated hydro- 
carbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent genrtanrum-containing group, 
a divalent tin-containing group, -0-. -CO-, -S-, -SO-.-SOa-, -Ge-, -Sn-, -NR2^-, -P(R2i)-, -P(0)(R2i)-, -BR2i-or - 
AIR2ir (each R21 may be the same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen compound residue 
in which one or two hydrocarbon groups of 1 to 20 carton atoms are bonded to the nitrogen atom); 




. - , (15) 

wherein is a transition metal atom selected from Group 4 of the periodic table; R*^ and R^2 may be the same 
or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydrocarbon group of 1 to 
40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, a halogen 
atom or a hydrogen atom; of the groups indicated by R"^^ and R^, a part of the groups neighboring with each other 
may be bonded to form a ring together with carbon atoms to which those groups are bonded; and X2 may be 
the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon 
group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing group, 
a hydrogen atom or a halogen atom; and Y^ is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium- 
containing group, a divalent tin-containing group, -0-, -CO-, -S-, -SO-, -SOg-, -Ge-, -Sn-, -NR21-, -P(R2i)-,.p(0) 
(R21)-, -BR21- or -AIR21- (each R2'' may be the same or different and is a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom, a halogen atom or a nitrogen 
compound residue in which one or two hydrocarbon groups of 1 to 20 carbon atoms are bonded to the nitrogen 
atom); 
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...(16) 

wherein Is a transition metal atom selected from Group 4 of the periodic table; R^^ R12, ri5 to r20^ and 
may be the same or different and are each a hydrocarbon group of 1 to 40 carbon atoms, a halogenated hydro- 
carbon group of 1 to 40 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-containing 
group, a halogen atom or a hydrogen atom; of the groups Indicated by Ri\ Ri2, ris r16^ ri7^ rib ri9^ r20 and 
R^2, a part of the groups neighboring with each other may be bonded to form a ring together with carbon atoms 
to which those groups are bonded; X*" and X^ may be the same or different and are each a hydrocarbon group of 
1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a 
sulfur-containing group, a silicon-containing group, a hydrogen atom or a halogen atom; and V is a divalent hy- 
drocarbon group of 1 to 20 carbon atoms (when all of R^^ R'*^, r15^ r16. r17 r18^ ri9 r20 and R^2 are hydrogen 
atoms, is not ethylene), a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon- 
containing group, a divalent germanium-containing group, a divalent tin-containing group, -0-, -CO-, -S-, -SO-, 
-SO2-, -Ge-, -Sn-, -NR21-, -P(R21)-, -P(0)(r21)., -BR2i-or -A1R21- (each R2i may be the same or different and Is 
a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a 
hydrogen atom, a halogen atom or a nitrogen compound residue In which one or two hydrocarbon groups of 1 to 
20 carbon atoms are bonded to the nitrogen atom). 



13. A process for preparing a polar group-containing olefin copolymer, comprising copoiymerizing at least one a-olefin 
selected from a-olefins of 2 to 20 carbon atoms and at least one polar group-containing monomer selected from 
a polar group-containing monomer represented by the following formula (7), a polar group-containing monomer 
represented by the following formula (8) and a macromonomer represented by the following formula (9) in the 
presence of a catalyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 10 
of the periodic table, and 

(B) at least one compound selected from: 



(B-1 ) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to fonn an ion pair, and 
(B-3) an organoaluminum compound; 

CH2=CH 

(R')r— (X)p 

... (7) 



wherein R^ is a hydrocarbon group; R^ is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; X is -OR, 
-COOR, -CRO, -C(0)NR2, -C(0)R(R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^N or-NR'R" 
(R' and R" may be the same or different and are each a hydrogen atom or an alky! group); p is an integer of 1 to 
3; and when p is 2 or 3, each X may be the same or different, and in this case, if r is 0, X may be bonded to the 
same or different atom of R3, and if r Is 1 , X may be bonded to the same or different atom of R*; 
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... (8) 

wherein is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; is a hydrogen atom, 
a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is -OR, -COOR, -CRO, -C(0)NR2, 
-C(0)R (R is a hydrogen atom or a hydrocarbon group), an epoxy group, -CsN or -NR'R" (R' and R" may be the 
same or different and are each a hydrogen atom or an alkyi group); m and n are each an integer of 0 to 2, and 
m+n is not 0; and s is 0 or 1 ; 

CH2=CH 

f 

(W)q-HR^)r"fO-Z)p 

... (9) 

wherein RS is a hydrocarbon group; R® is a hetero atom or a group containing a hetero atom; r is 0 or 1 ; Z is a 
polymer segment obtained by any one of anionic polymerization, ring-opening polymerization and polycondensa- 
tion; W is a hydroxyl group or an epoxy group; p is an integer of 1 to 3, q is 0, 1 or 2, and p-i-q < 3; when p is 2 or. 
3, each -O-Z may be the same or different, and in this case, if r is 0, -O-Z may be bonded to the same or different 
atom of R5, and if r is 1 . -O-Z may be bonded to the same or different atom of R®; when q is 2, each W may be 
the same or different, and in this case, if r is 0, W may be bonded to the same or different atom of R^ and if r is 
1 . W may be bonded to the same or different atom of R®; and in case of p^1 and q>1 . if r is 0, W and -O-Z may 
be each bonded to the same or different atom of R^, and if r is 1, W and -O-Z may be each bonded to the same 
or different atom of R®. 

A process for preparing a branched type polar group-containing olefin copolymer, comprising copolymerizing at 
least one a-olefin selected from a-olefins of 2 to 20 carbon atoms, a polar group-containing monomer represented 
by the following formula (10), and optionally, a polar group-containing monomer represented by the following for- 
mula (8) in the presence of a catalyst comprising: 

(A) a compound of a transition metal selected from Group 3 (including lanthanoid and actinoid) to Group 10 
of the periodic table, and 

(B) at feast one compound selected from: 

(B-1 ) an organoaluminum oxy-compound, 

(B-2) a compound which reacts with the compound (A) to fomn an ion pair, and 
(B-3) an organoaluminum compound, 

and then conducting any one of the following steps (i) and (ii); 
CH2=CH 

(R®)m-(W)n ...(10) 
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wherein is a hydrocarbon group: is a hetero atom or a group containing a hetero atom; m is 0 or 1 ; W is a 
hydroxyl group or an epoxy group; n is an integer of 1 to 3; and when n is 2 or 3, each W may be the same or 
different, and in this case, if m is 0, W may be bonded to the same or different atom of RS, and if m is 1 , W may 
be bonded to the same or different atom of R^; 




... (8) 

wherein R^ is a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; R^ is a hydrogen atom, 
a direct bond or an aliphatic hydrocarbon group of 1 or more carbon atoms; Y is -OR, -COOR, -CRO, -C(0)NR2, 
-C(0)R (R is a hydrogen atom or a hydrocarbon group), an epoxy group, -C^N or -NR'R" {R' and R" may be the 
same or different and are each a hydrogen atom or an alkyi group); m and n are each an integer of 0 to 2, and 
m+n is not 0; and s is 0 or 1 ; 

(i) from the W portion of the copolymerized polar group-containing monomer, a Z portion is fomned by anionic 
polymerization, ring-opening polymerization or polycondensatron; 

(ii) the W portion of the copolymerized polar group-containing monomer is reacted with a terminal functional 
group of a polymer obtained by anionic polymerization, ring-opening polymerization and polycondensation. 

15. A thermoplastic resin composition containing the polar group-containing olefin copolymer of any one of claims 1 
to 9. 

16. An adhesive resin comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

17. A compatibilizing agent comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

18. A resin modifier comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

19. A filler dispersant comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

20. A dispersion comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

21. A film or a sheet comprising the polar group-containing olefin copolymer of any one of claims 1 to 9. 

22. An adhesive resin comprising the thermoplastic resin composition of claim 15. 

23. A compatibilizing agent comprising the thermoplastic resin composition of claim 15. 

24. A resin modifier comprising the thermoplastic resin composition of claim 15. 

25. A filler dispersant comprising the thermoplastic resin composition of claim 15. 

26. A dispersion comprising the themnoplastic resin composition of claim 15. 

27. A film or a sheet comprising the thermoplastic resin composition of claim 15. 
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taining olefin copolymer and the thermoplastic resin 
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coating bases, compatibilizing agents, etc. 
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